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U.  S.  Coast  and  Geodetic  Survey  Report  for  1893.— Part  II. 


PREFATORY    NOTE. 

The  text  of  this  Report  for  the  fiscal  year  1892  has  been  arranged  for  publication 
in  two  parts,  like  that  for  the  fiscal  year  preceding. 

Part  I,  in  qnarto  form,  contains  the  historical  portion,  presenting  reports  of  prog- 
ress in  the  field  and  office  operations  of  the  Survey ;  estimates  for  future  progress, 
and  statements  of  expenditures  during  the  fiscal  year.  Maps  of  general  progress,  and 
sketches  showing  localities  of  field  work,  exhibit  graphically  the  advance  of  the 
Survey  to  June  80, 1893. 

Part  II,  it  will  be  observed,  is  in  octavo,  and  includes  the  professional  papers 
relating  to  the  methods,  discussions,  and  results  of  the  Survey  which  have  been 
approved  for  publication  during  the  year.  Such  illustrations  as  are  needed  accom- 
pany them. 

The  octavo  form  is  more  convenient  and  suitable  for  the  scientific  and  professional 
papers,  while  the  qnarto  form  appears  to  be  demanded  for  the  statistical  matter  and 
the  progress  sketches.  Since  the  latter  are  of  less  general  interest  than  the  former, 
in  the  future  distribution  of  the  Report,  Part  II  only  will  be  sent,  as  it  is  believed 
that  this  will  include  all  that  is  generally  desired,  and  in  a  much  more  compact  and 
convenient  form  than  that  of  the  old  quarto. 

In  special  cases,  where  both  parts  are  desirable,  they  will  be  sent. 

T.  C.  Mkndenhall, 

Superintendent. 
Ill 
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STATE  LAWS  AUTHORIZING  OFFICERS  OF  THE  UNITED  STATES  COAST 
AND  GEODETIC  SURVEY  TO  ENTER  UPON  LANDS  WITHIN  STATE 
LIMITS  FOR  THE»PURPOSES   OF  THE   SURVEY. 


letter  of  transmission. 

United  States  Coast  and  Geodetic  Survey, 

Washington^  D.  C,  December  29 ^  1893. 

Sir:  Id  accordance  with  your  suggestion  that  it  is  desirable  to  have 
published,  as  an  appendix  to  the  report  for  1893,  the  laws  of  several  of 
the  States  enacted  for  the  protection  of  Coast  Survey  parties  working 
therein,  I  have  had  the  accompanying  typewritten  copies  made,  for 
the  printer's  use,  of  all  such  laws  that  we  have  any  record  of  in  this 
office.  According  to  this  record,  laws  have  been  passed  in  the  follow- 
ing nineteen  States :  California,  Connecticut,  Georgia,  Illinois,  Indiana, 
Maine,  Maryland,  Massachusetts,  Minnesota,  Missouri,  New  Hamp- 
shire, New  Jersey,  Ohio,  Oregon,  South  Carolina,  Tennessee,  Vermont, 
Virginia,  and  West  Virginia. 

In  order  to  insure  the  accuracy  of  the  manuscript  copies  of  the  laws 
on  file  in  this  office,  I  took  them  over  to  the  Law  Library  of  Congress 
and  compared  them  with  the  printed  laws  on  file  there. 

Finding  that  they  were  incomplete  and  full  of  inaccuracies,  I  care- 
fully corrected  them,  and  from  the  corrected  text  Miss  Hein  then 
made  typewritten  copies.  These  I  have  carefully  compared,  and  now 
submit  them  (55  pages)  as  exact  copies,  following  strictly  the  punc- 
tuation and  capitalization  of  the  printed  laws. 

Respectfully,  yours, 

George  A.  Fairfield, 

Assistant  in  Charge  of  State  Surveys. 
Dr.  T.  C.  Mendenhall, 

Superintendent  Coast  and  Geodetic  Survey. 

S.  Ex.  19,  pt.  2 1 
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PROTEOTlOIf  OF  COAST  SURVEY  I^AKTIES. 


CALIFORNIA. 

Chapter  LXXV. 


An  Act  to  authorize  pcrsonB  engsgod  in  the  United  States  Coast  Snrrej,  npon  the  Coast  of  California, 
to  enter  on  lands  within  this  State,  for  the  purpose  of  said  Survey ;  to  protect  the  operationn  of  the 
same  from  iivjury  and  molestation;  to  ascertain  the  mode  of  assessing  damages  caused  to  any  prop- 
erty in  the  progress  of  the  same,  and  to  provide 'for  the  punishinent  of  offenders  against  the  pro- 
visions of  this  Act,  and  for  other  purposes. 

The  People  of  the  State  of  California,  represented  in  Senate  and  ABeembly,  do  enact  a$ 
foUowa : 

Sec.  1.  That  from  and  after  the  passing  of  this  Act,  any  and  every  person  employed 
under  and  by  virtue  of  an  Act  of  Congress  of  the  United  States,  passed  the  tenth 
day  of  February^  one  thousand  eight  hundred  and  seven,  and  the  supplements 
thereto  concerning  the  United  States  Coast  Survey,  may  enter  upon  Lands  and  cle;ir 
and  cut  the  timber,  within  this  State,  upon  the  same,  and  may  erect  any  works, 
buildings,  or  appendages  requisite  for  the  pnrposo  of  exploring,  surveying,  triangu- 
hition,  leveling,  or  doing  any  other  act  requisite  to  effect  the  object  of  said  Act  Of 
Congress,  without  being  considered  as  a  trespasser:  Provided,  no  unnecessary  injury 
be  done  thereto. 

Sec  2.  That  if  the  parties  interested — namely,  party  or  parties  representing  the 
Government  of  the  United  States  Coast  Survey  on  the  Coast  of  California,  and  the 
owners  or  possessors,  of  the  Land  so  entered  upon,  and  to  which  damage  may  have 
been  done — cannot  agree  together  npon  the  amount  to  be  paid  for  the  damages 
caused  by  doing  any  of  the  acts  aforesaid,  either  of  them  may  complain,  in  a  sum- 
mary manner,  to  the  nearest  Justice  of  the  Peace  for  the  District  uf  the  County 
where  the  damages  may  have  been  committed,  who  shall  associate  with  himself  two 
disinterested  freeholders  of  the  said  County,  one  to  be  named  by  each  party  inter- 
cHtofl,  who  shall,  upon  hearing  the  particis,  and  with  or  without  view  of  tho  premises, 
as  they  may  determine,  iiroceed  to  assess  and  award  any  damages  which  may  have 
arcrucd  to  the  owners  or  possessors  of  the  Land  so  entered  upon :  Provided,  nevt-r- 
tluHcss,  that  the  party  complaining  as,  aforesaid,  shall  serve  upon  the  opposite)  ]>arty 
interested,  ten  days  notice,  in  writing,  of  the  time  and  place  where  said  complaint 
is  t()  b()  hoard,  and  the  name  of  the  freeholdor  by  him  selected. 

Sec.  3.  That  the  said  magistrate  and  freeholders  shall,  Avithout  unreasonable  delay, 
file  in  the  Office  of  the  Clerk  of  the  County  Court  of  the  Countj*  Avhere  the  said 
complaint  may  have  been  heard,  a  report  of  their  proceedings,  which  report  shall  be 
conclusive  against  the  parties,  and  be  evidence  of  their  assent  to  the  same;  unless 
either  of  them  shall,  within  ten  days  after  filing  of  the  said  report,  file  a  general  or 
special  objection  to  the  same  iu  the  office  of  the  said  Clerk,  of  which  the  other  party 
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shall  havo  notice;  whereupon  an  issue  shall  be  made  up  and  a  trial  had  at  the  next 
term  of  the  County  Court  of  said  County,  in  the  same  manner  in  which  civil  cawos 
are  tried;  except  that  the  Judgment  shall  be  rendered  and  the  damages  assessed  at 
the  lirst  terra. 

Sec.  i.  That  any  perHon  so  entering  upon  Land,  as  aforesaid,  for  the  purposes 
aforesaid,  may  tender  to  the  party  injured  sufficient  amends  for  any  damages  done 
upon  said  Land ;  and  if,  upon  examination  before  the  Justice  of  the  Peace  and  free- 
holders  as  aforesaid,  or  upon  trial  before  the  County  Court,  the  damages  finally 
assessed  shall  not  exceed  the  amount  so  tendered,  the  person  who  has  so  entered  and 
tendered  the  amount,  shall  recover  his  costs. 

Sec.  5.  That  the  Justices  of  the  Peace  and  Freeholders  aforesaid,  upon  complaint 
mnde  to  them  as  aforesaid,  and  decision  given,  shall  receive  the  same  costs  to  which, 
by  law.  Justices  of  the  Peace  are  entitled  in  a  civil  case  from  summons  to  judgment; 
and  upon  the  trial  in  the  County  Court  the  costs  shall  be  taxed  by  analogy  to  the 
Bill  of  Costs  in  8aid  Court,  established  by  law. 

Sec.  6.  That  if  any  person  or  persons  shall  wilfully  or  wantonly  ii^ure,  deface,  or 
remove  any  instrument,  signal,  monument,  building,  or  any  appendage  thereto,  used 
or  constructed  in  the  State  of  California,  under  and  by  virtue  of  the  Act  of  Congress 
aforesaid;  he  and  they  shall  be  liable  to  indictment  for  the  same,  under  this  Statute, 
for  each  and  every  offence,  and  upon  conviction,  shall  be  sentenced  to  pay  a  fine  of 
two  hundred  dollars,  one-half  of  which  shall  go  to  the  prosecutor,  and  the  remain- 
der shall  be  appropriated  according  to  the  Laws  of  this  State  regulating  the  disposal 
of  such  fines,  or  shall  be  imprisoned  not  more  than  one  month,  or  both,  at  the  dis- 
cretion of  the  Court  before  which  such  conviction  shall  take  place,  and  he  and  they 
shall  also  be  liable  for  all  damages  sustained  by  the  United  States  of  America,  by 
reason  of  any  such  injury,  defacement,  or  removal-;  to  be  recovered  by  action  on 
the  case  in  any  Court  of  competent  jurisdiction. 

Sec.  7.  This  Act  shall  take  off'ect  from  and  after  itt)  passage 

Approved  April  2,  1852. 


CONNECTICUT. 

ClIAPTEK  XI. 
An  Aci>  relating  to  the  Survey  of  the  Coast  of  Connecticut. 

Be  it  enacted  hy  the  Senate  and  House  of  Repreeentativee  in  General  Aaaembly  convened: 

Sec.  1.  Persons  employed  under  an  act  of  the  Congress  of  the  United  States, 
passed  the  tenth  day  of  February,  in  the  year  eight4H)u  hundred  and  seven,  and  the 
supplements  thereto,  may  enter  upon  lands  within  this  state,  for  any  purpose  which 
may  be  necessary  to  off'ect  the  objects  of  said  act,  and  may  erect  works,  stations, 
buildings,  or  appendages  for  that  purpose,  doing  no  unnecessary  injury. 

Sec.  2.  If  the  parties  interested  cannot  agree  upon  the  amount  to  be  paid  for  dam- 
ages caused  thereby,  either  of  them  may  petition  the  county  commissioners  of  the 
county  in  which  the  land  lies,  who  shall  appoint  a  time  for  a  hearing,  as  soon  as  may 
be,  and  order  at  least  fourteen  days'  notice  to  all  persons  interested,  and,  with  or 
without  a  view  of  the  promises,  as  they  may  det'Ormine,  hoar  the  parties  and  their 
witnesses  and  assess  the  damages. 

Sec.  3.  The  county  commissioners  sliall  file  in  the  office  of  the  clerk  of  the  superior 
court  of  the  county  in  which  the  land  is  situated,  a  rt^port  of  their  doings,  which 
shall  be  conclusive,  unless  one  of  tho  x>arties  shall,  within  thirty  days  after  the  filing 
of  such  report,  file  a  petition  to  said  court  for  a  new  hearing  to  be  had  in  such  supe- 
rior court;  in  which  case,  after  such  notice  of  such  petition  to  the  opposite  party  as 
the  said  superior  court,  if  in  session,  or,  if  in  vacation,  as  any  judge  thereof  or  f»f 
the  supreme  court,  or  any  county  commissioner  of  the  county  in  which  such  petition 
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is  pending,  shall  direct,  a  trial  shall  be  had  in  said  court,  in  the  same  manner  as 
other  civil  actions  are  tried,  and  such  hearing  shall  take  precedence  of  all  other  civil 
actions. 

Sue.  4.  The  person  so  entering  upon  land  may  tender  to  the  party  injured  amends 
therefor;  and  if  the  damages  finally  assessed  do  not  exceed  the  amount  tendered, 
the  person  entering  shall  recover  costs ;  otherwise,  the  prevailing  party  shall  recover 
costs. 

Sec.  5.  The  costs  to  be  taxed  and  allowed  in  all  such  cases,  either  before  the 
county  commissioners  of  the  superior  court,  shall  be  the  same  as  are  ordinarily  taxed, 
according  to  the  rules  and  practice  in  the  superior  court. 

Skc.  6.  Whoever  wilfully  ii^ures,  defaces  or  removes  any  signal,  monument,  build- 
ing or  appendage  thereto,  erected,  used  or  constrncted,  under  said  acts  of  Congress, 
shall  forfeit  the  sum  of  fifty  dollars  for  each  offense;  and  shall  bo  liable  for  damages 
sustained  by  the  United  States,  to  be  recovered,  in  an  action  of  tort. 

Approved  June  5th,  1861. 


QEORQIA. 

[Frum  "  The  Codt^  of  the  State  of  Georgia,  1882."] 

Part  I—mie  I—Chapier  L 

Article  III. 

COAST  SURVEY. 

[Act  of  1847,  Code,  p.  155. 

$  23.  (23.)  (25.)  Coast  Burveyora. — Any  person  employed  under  the  Act  of  the  Con- 
gress of  the  United  States,  providing  for  a  survey  of  the  coasts,  may  enter  upon 
lands  and  clear  or  cut  timber  within  this  State  upon  the  same,  for  any  purple  legiti- 
mately connected  with,  and  requisite  to  effect,  the  said  object:  Providedy  no  unneces- 
sary injury  be  done  thereby,  apd  all  damages  to  the  owner  of  the  land  be  promptly 
paid. 

[Act  uf  1847,  Code.  p.  155.] 

$  24.  (24.)  (26.)  Damage  to  land-owners, — If  the  parties  representing  the  Govern- 
ment of  the  United  States,  and  the  owner  or  possessor  of  the  land  so  entei*ed  upon, 
cannot  agree  upon  the  amount  to  be  paid  for  said  damages,  either  party  may  com- 
plain in  a  summary  manner  to  the  nearest  Justice  of  the  Peace  of  the  county  in 
which  the  land  lies,  who  shall  associate  with  him  two  disinterested  freeholders  of 
the  county — one  to  be  named  by  each  party  interested — who  shall,  upon  hearing  the 
parties,  and  with  or  without  view  of  the  premises,  as  they  may  determine^  proceed 
to  assess  and  award  the  damages,  if  any :  Provided^  the  party  complaining  shall  give 
the  opposite  party  ten  days'  notice,  in  writing,  of  the  time  and  place  when  and 
where  said  complaint  is  to  be  heard,  and  the  name  of  the  freeholder  by  him  selected. 

[Art  of  1847,  Codt^,  p.  156. J 

^25.  (25.)  (27.)  Award  and  objections  thereto. — The  saiu  assessors,  without  unrea- 
sonable delay,  shall  file  their  Award  in  the  office  of  the  Ordinary  of  the  county,  which 
shall  be  conclusive  upon  both  parties,  unless  objections  are  filed  to  the  saige  within 
ten  days  after  the  filing  of  the  award.  If  objections  are  filed,  the  other  party  shall 
have  written  notice;  whereupon  an  issue  shall  be  made  and  tried  at  the  first  term 
thereafter  of  said  C'ourt,  under  the  same  rules  as  other  civil  ca^es. 
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(Act of  1847,  Code,  p.  156.] 

i  26.  (26.)  (28.)  Damages  f  tender  of, — The  person  so  entering  npon  lands  may  tender 
such  amount  as  be  chooses  for  the  damage  done,  and  if  the  damages  finally  assessed 
shall  not  exceed  the  sum  tendered,  the  party  complaining  shall  pay  all  costs. 

[Act  of  1847,  Code,  p.  156.] 

$27.  (27.)  (29.)  Costs, — The  costs  before  an  Ordinary  shall  be  the  same  as  are 
allowed  in  civil  eases  in  said  Courts. 

Pari  I  r—  Title  I^IHvision  XIL 

[  (a)  Act«  of  1865-6,  p.  233.] 

$  4619.  (4529.)  (4483.)  Injuries  to  coast  survey  fixtures, — Any  person  who  shall  will- 
fully or  wantonly  injure,  deface  or  remove  any  signal,  monument,  building,  or  any 
other  appendage  thereto,  erected  within  this  State  by  virtue  of  any  Act  of  Congress 
authorizing  a  coast  survey,  shall  be  guilty  of  a  misdemeanor,  and,  on  conviction, 
[shall  be  punished  as  prescribed  in  section  4310  of  this  Code.]  (a) 

Part  ir-'TiiU  I—Division  III, 

i  4310.  (4245.)  (4209.)  Punishment  of  accessories  after  the  fact, — Aooessories  a^ter  the 
fact,  except  where  it  is  otherwise  ordered  in  this  Code,  shall  be  punished  by  a  fine 
not  to  exceed  one  thousand  dollars,  imprisonment  not  to  exceed  six  months,  to  work 
in  the  chain-gang  on  the  public  works,  or  on  such  other  works  as  the  county  authori- 
ties may  employ  the  chain-gang,  not  to  exceed  twelve  months,  and  any  one  or  more 
of  these  punishments  may  be  ordered  in  the  discretion  of  the  Judge :  Provided^  that 
nothing  herein  contained  shall  authorize  the  giving  the  control  of  convicts  to  pri- 
vate persons,  or  their  employment  by  the  county  authorities  in  such  mechanical 
pursuits  as  will  bring  the  products  of  their  labor  into  competition  with  the  products 
of  free  labor. 


ILLINOIS. 

SURVEY. 

UNITED  STATES  COAST  AND   GEODETIC  SURVEY. 

An  Act  relating  to  the  operations  of  the  United  States  coast  and  geodetic  survey. 

Section  1.  Be  it  enacted  by  the  People  of  the  State  of  Illinois,  represented  in  the  Gen- 
eral Assembly,  That  any  person  employed  under  and  by  virtue  o{  an  act  of  congress 
of  the  United  States,  approved  the  tenth  day  of  February,  one  thousand  eight  hun- 
dred and  seven,  and  of  the  supplements  thereto,  for  the  survey  of  the  coasts  of  the 
United  States,  or,  under  the  direction  of  congress,  to  form  a  geodetic  connection 
between  the  Atlantic  and  Pacific  coasts,  and  to  fuTuish  triangulation  points  for  state 
surveys,  may  enter  upon  lands  within  this  state,  for  the  purpose  of  exploring,  trian- 
gulating, leveling,  surveying,  and  of  doing  any  other  act  which  may  be  necessary 
to  carry  out  the  object  of  said  laws,  and  may  erect  any  works,  stations,  buildings 
and  appendages  requisite  for  that  purpose,  doing  no  unnecessary  injury  thereby. 

$  2.  If  the  parties  interested  cannot  agree  upon  the  amount  to  be  paid  for  dam- 
ages caused  thereby  the  United  States  of  America  may  proceed  to  condemn  said  land, 
as  provided  by  "An  act  to  provide  for  the  exercise  of  the  right  of  eminent  domain,'' 
approved  April  10,  1872,  in  force  July  1,  1872. 

^  3.  If  any  person  shall  wilfully  deface,  injure  or  remove  any  signal,  monument, 
building,  or  other  property  of  the  United  States  coast  and  geodetic  survey,  con- 
atruoted  or  used  under  or  by  virtue  of  the  act  of  congress  aforesaid,  he  shall  forfeit 
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a  sam  not  exceeding  fifty  dollars  for  each  offenae,  and  shall  be  liable  for  damages 
sustained  by  the  United  Stales,  in  an  action  on  the  case  in  any  court  of  competent 
Jurisdiction. 

ApproTed  April  21,  1881. 


INDIANA. 
Chapteu  XCV. 


An  Act  relating  to  the  operaCiona  of  the  United  States  Coast  and  Geodetic  Survey  in  the  State  of 

Indiana,  and  declaring  an  emergency. 

Section  1.  Be  it  enacted  by  the  General  Assembly  of  the  State  qf  Indiana,  That  any 
person  employed  under  and  by  virtue  of  an  act  of  Congress  of  the  United  States, 
passed  the  tenth  day  of  February,  one  thousand  eight  hundred  and  seven,  and  of 
the  supplements  thereto,  for  the  survey  of  the  coasts  of  the  United  States,  or  under 
the  direction  of  Congress,  to  form  a  geodetic  connection  between  the  Atlantic  and 
Pacific  coasts,  and  to  furnish  triangulation  points  for  State  surveys,  may  enter  upon 
lands  within  this  State  for  the  purpose  of  exploring,  triangulating,  leveling,  sur- 
veying and  doing  any  other  act  which  may  be  necessary  to  carry  out  the  objects  of 
said  laws,  and  may  erect  any  works,  stations,  buildings  and  appendages  requisite 
for  that  purpose,  doing  no  unnecessary  injury  thereby. 

Skc.  2.  If  the  parties  interested  can  not  agree  upon  the  amount  to  be  paid  for 
damages  cansed  thereby,  either  of  them  may  petition  the  Circuit  Court  in  the 
county  in  which  the  land  is  situated,  which  Court*shall  appoint  a  time  for  a  hearing 
as  soon  as  may  bo,  and  order  at  least  fourteen  days  notice  to  be  given  to  all  parties 
interested  and  with  or  without  a  view  of  the  premises,  as  the  Court  may  determine, 
hear  the  parties  and  their  witnesses  and  assess  damages. 

Sec.  3.  The  person  so  entering  upon  land,  may  tender  to  the  party  injured,  amends 
therefor,  and  if,  in  case  of  appeal  to  the  Circuit  Court,  the  damages  finally  assessed 
do  not  exceed  the  amount  tendered,  the  person  entering  shall  recover  costs,  other- 
wise the  prevailing  party  shall  recover  costs. 

Sec.  4.  The  costs  to  be  allowed  in  all  such  cases  shall  be  the  same  as  allowed 
according  to  rules  by  the  Court. 

Sec.  5.  If  any  person  shall  wilfully  defiace,  injure,  or  remove,  any  signal,  monu- 
ment, building,  or  other  property  of  the  United  States  coast  survey,  constructed, 
or  used  under  or  by  virtue  of  the  acts  of  Congress,  aforesaid,  he  shall  forfeit  a  sum 
not  exceeding  fifty  dollars,  for  each  offense,  and  shall  be  liable  for  damages  sus- 
tained by  the  United  States  in  consequence  of  such  defacing,  injury,  or  removal,  to 
be  recovered  in  an  action  on  the  case  in  any  Coiirt  of  competent  jurisdiction. 

Sec.  6.  Whereas  an  emergency  exists  for  the  immediate  taking  effect  of  this  act, 
therefore,  the  same«ehall  take  effect  and  be  in  force  from  and  after  its  passage. 

Approved  April  9,  1891. 


STATE  OF  MAINE. 

Chapter  181. 

An  Act  relating  to  the  survey  of  the  coast  of  Maine. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives  in  Legislature  assembled,  as 
follows: 

Section  1.  Any  person  employed  under  and  by  virtue  of  an  act  of  the  congress  of 
the  United  States,  passed  the  tenth  day  of  Febrnary,  one  thousand  eight  hundred 
and  seven,  and  the  supplements  thereto,  may  enter  upon  lands  within  this  state  for 
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the  purpose  of  exploring,  surveying,  triangulating,  leveling  and  doing  any  other 
act  which  may  ho  necessary  to  effect  the  ohjects  of  said  act,  and  may  erect  any  works, 
stations,  buildings  or  appendages,  requisite  for  that  purpose,  doing  no  unnecessary 
injury  thereby. 

Sect.  2.  If  the  parties  interested  cannot  agree  upon  the  amount  to  bo  paid  for 
the  damages  caused  by  doing  any  of  the  acts  aforesaid,  either  of  them  may  petition 
the  commissioners  of  the  county  in  which  the  land  entered  upon  is  situated,  to  hear 
the  parties  and  asAess  any  damages,  which  in  the  opinion  of  the  commissioners  has 
accrued  to  the  owner  or  possessor  of  the  land  so  entered  upon. 

Srct.  3.  The  commissioners  as  soon  as  may  be,  shall  hear  the  parties  either  with 
or  without  a  view  of  the  premises,  as  the  commissioners  shall  determine,  and  before 
any  hearing  shall  be  had,  shall  order  notice  to  be  given  to  all  }>er8ons  interested,  at 
least  fourteen  days  before  the  time  of  hearing. 

Skct.  4.  The  commissioners  shall  file  in  the  office  of  the  clerk  of  the  district  court 
for  said  county,  a  report  of  these  doings,  which  report  shall  be  conclusive  upon  the 
parties  unless  one  of  them  shall  file  within  thirty  days  after  the  term  of  said  court, 
which  shall  be  held  next  after  said  report  bhall  be  filed,  a  petition  to  the  said  court 
that  a  trial  shall  bo  had  in  the  case  in  said  court,  and  after  notice  to  the  opposite 
])arty  a  trial  shall  be  had  in  said  court  in  the  same  manner  in  which  other  civil 
cases  are  there  tried. 

Sect.  5.  Tho  person  so  entering  upon  land  as  aforesaid,  may  tender  to  the  party 
injured  sufficient  amends  therefor,  and.  if  the  damages  finally  assessed  shall  not 
exceed  the  amount  so  tendered,  the  person  so  entering  shall  recover  his  costs,  and  in 
all  other  cases  the  prevailing  party  shall  recover  his  costs. 

Skct.  6.  In  the  taxation  and  allowance  of  costs  in  the  district  court  upon  a  trial 
of  the  case,  tho  proceedings  of  the  said  court  shall  hold  the  same  relation  to  the 
report  of  the  commissioners,  as  proceedings  of  the  same  court  hold  to  judgments  of 
justices  of  tho  peace,  in  cases  of  appeal  from  said  judgments,  and  the  costs  shall  be 
taxed  accordingly. 

Sect.  7.  If  any  person  shall  wilfully  injure,  deface,  or  remove  any  signal,  monu- 
ment, building,  or  any  appendage  thereto,  used  and  constructed  under  and  by  vir- 
tue of  tho  act  of  congress  aforesaid,  he  shall  forfeit  a  sum  not  exceeding  fifty  dollars 
for  each  offense,  to  bo  recovered  by  indictment  for  the  use  of  the  person  prosecuting, 
and  shall  also  be  liable  for  all  damages  sustained  by  the  United  States  of  America, 
to  be  recovered  in  an  action  on  the  case  in  any  court  of  competent  jurisdiction. 

Sect.  8.  This  act  shall  take  effect  from  and  after  its  approval  by  the  Governor. 

Approved  Juno  16,  1846. 

AMENDMENT. 

Chapter  125. 
An  Act  to  amend  the  second  chapter  of  the  revised  Htatntes,  relating  to  the  coast  survey. 

Be  it  enacted  by  the  Senate  and  House  of  Representatives,  in  Legislature  assembledf  as 
follmcs : 

Section  1.  The  second  chapter  of  the  revised  statutes  is  hereby  amended  by  striking 
out  the  eighth  section  thereof,  an<l  inserting  instead  tho  following,  viz : 

Sect.  8.  The  person  so  entering  upon  land,  may  tender  to  the  party  injured  suffi- 
cient amends  therefor,  and  if  the  damages  finally  assessed  do  not  exceed  tho  tender, 
judgment  shall  be  rendered  against  the  owner  for  costs.  Tlie  costs  recovered  by  the 
prevailing  party  shall  be  taxed  as  in  case  of  appeal  from  the  judgment  of  a  justice 
of  tho  peace. 

Sect.  2.  This  act  shall  take  effect  when  approved  by  the  governor. 

Approved  January  27, 1860. 
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MARYLAND. 

An  Act  concerning  the  Survey  of  the  Coast  of  Maryland. 

Section  1.  Beit  enacted  by  the  General  Jsaetnbly of  Marylandt  That  it  shall  and  may 
he  lawful  for  any  person  or  persons  employed  under  and  by  virtue  of  an  act  of  the 
CoDfj^ss  of  the  United  States,  passed  the  tenth  of  February  in  the  year  eighteen 
hundred  and  seven,  and  of  the  supplement  thereto,  at  any  time  hereafter  to  enter 
upon  lands  within  this  State  for  the  purpose  of  exploring,  surveying,  triangulating 
or  levelling  or  doing  any  other  matter  or  thing  which  may  be  necessary  to  affect  the 
objects  of  said  act,  and  to  erect  any  works,  stations,  buildings  or  appendages  requi- 
site for  that  purpose,  doing  no  unnecessary  injury  to  private  or  other  property. 

Sec.  2.  And  he  it  enacted.  That  in  case  the  person  or  persons  employed  under  the 
act  of  cougress  aforesaid,  cannot  agree  with  the  owners  or  possessors  of  the  land  so 
entered  upon  and  used  as  to  the  amount  of  damage  done  thereto  by  reason  of  the  re- 
moval of  fences,  cutting  of  trees  or  injury  to  the  crop  or  crops  growing  on  the  same, 
it  shall  and  may  be  lawful  for  the  said  parties  or  either  of  them  to  apply  to  the  chief 
justice  for  the  time  being  or  oue  of  the  associate  judges  of  the  judicial  district  iu 
which  such  land  may  be  situated,  who  shall  thereupon  appoint  three  disinterested 
and  judicious  freeholders,  residents  of  the  same  judicial  district,  to  proceed  with  as 
much  despatch  as  possible  to  the  examination  of  the  matter  in  question,  and  the 
faithful  assessment  of  the  damages  sustained  by  the  owners  or  possessors  aforesaid, 
and  the  said  freeholders  or  a  majority  of  them,  having  first  taken  and  subscribed  an 
oath  or  affirmation  before  the  chief  or  associate  justice  aforesaid  or  other  person  duly 
authorized  to  administer  the  same,  that  they  will  well  and  truly  examine  and  assess 
as  aforesaid,  and  having  given  five  days  notice  to  both  parties  of  the  time  of  their 
meeting,  shall  proceed  to  the  spot,  and  then  and  there  upon  their  own  view  and  if 
required  upon  the  evidence  of  witnesses,  (to  be  by  them  sworn  or  affirmed  and  exam- 
ined) shall  assess  the  said  damages,  and  shall  afterwards  make  report  thereof  and 
of  their  proceedings  in  writing  under  their  hands  and  seals  and  file  the  same  within 
five  days  thereafter  in  the  office  of  the  clerk  of  the  county  iu  which  the  laud  afore- 
said is  situated,  subject  to  an  appeal  by  either  party  to  the  county  court  of  the  said 
county  within  ten  days  after  filing  as  aforesaid,  and  the  said  report  so  made  as  afore- 
said, if  no  appeal  as  aforesaid  be  taken,  shall  be  held  to  bo  final  and  conclusive  as 
between  the  said  parties,  and  the  amount  so  assessed  and  reported  shall  bo  paid  to 
the  said  owners  or  possessors  of  the  land  so  damaged  within  twenty  days  after  the 
filing  of  said  report,  and  the  said  chief  or  associate  justice  as  aforesaid,  shall  have 
authority  to  tax  and  allow  upon  the  filing  of  said  report,  such  costs,  fees  and  expenses 
to  the  said  freeholders  for  the  performance  of  their  duty  as  ho  shall  think  equitable 
and  just,  which  allowance  shall  be  paid  by  the  person  or  persons  employed  under 
the  act  of  congress  aforesaid,  within  the  time  last  above  limited,  but  if  an  appeal  as 
aforesaid  be  taken,  the  case  shall  be  set  down  for  hearing  at  the  first  term  of  county 
court  aforesaid,  ensuing  upon  and  after  said  appeal,  and  it  shall  be  lawful  for  either 
party  immediately  after  the  entry  of  such  appeal,  to  take  out  summons  for  such  wit- 
nesses as  may  be  necessary  to  be  examined  upon  the  hearing  aforesaid,  and  the  said 
court  shall  have  power  in  its  discretion  to  award  costs  against  which  ever  the  final 
judgment  shall  be  entered,  and  such  appeal  at  the  option  of  cither  party  may  and 
shall  be  heard  before  and  the  damages  assessed  by  a  jury  of  twelve  men  to  be  taken 
from  the  regular  pannel  and  elected  as  in  other  cases. 

Sec.  3.  And  be  it  enacted,  That  if  any  person  or  persons  shall  wilfully  injure  or 
deface  or  remove  any  signal,  monument  or  building  or  any  appendage  thereto,  erected, 
used  or  constructed  under  and  by  virtue  of  the  act  of  congress  aforesaid,  such  per- 
son or  persons  so  offending  shall  severally  forfeit  and  pay  tlie  sum  of  fifty  dollars, 
with  costs  of  suit  to  be  sued  for  and  recovered  by  any  person  who  shall  first  pros- 
ecute the  same  before  any  justice  of  the  peace  of  the  county  where  the  person  so 
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offending  may  reside,  and  shall  also  be  liable  to  pay  the  amount  of  damages  thereby 
sustained,  to  be  recovered  with  costs  of  suit  in  an  action  on  the  case,  in  the  name 
and  for  the  use  of  the  United  States  of  America  in  any  court  of  competent  Juris- 
diction. 

Passed  March  9,  1842. 


COIdMOIfWEALTH  OF  MASSACHUSBTTS. 

Chapter  192. 
An  Act  relating  to  the  Surrey  of  the  Coast  of  Massachaaett*. 

Be  it  enacted  hy  the  Senate  and  House  of  Representatives ,  in  General  Court  as$embled, 
and  by  the  authority  of  the  same,  as  follows : 

Sect.  1.  Any  person  employed  under  and  by  virtue  of  an  act  of  the  Congress  of  the 
United  States,  passed  the  tenth  day  of  February,  in  the  year  eighteen  hundred  and 
seven,  and  the  supplement  thereto,  may  enter  upon  lands  within  this  State,  for  the 
purpose  of  exploring,  surveying,  triangulating,  levelling,  or  doing  any  other  act 
which  may  be  necessary  to  effect  the  objects  of  said  act,  and  may  erect  any  works, 
stations,  buildings  or  appendages,  requisite  for  that  purpose,  doing  no  unnecessary 
injury  thereby. 

Sect.  2.  If  the  pnrties  interested  cannot  agree  upon  the  amount  to  be  paid  for  the 
damages  caused  by  doing  any  of  the  acts  aforesaid,  either  of  them  may  petition 
the  commissioners  of  the  county  in  which  the  land  entered  upon  is  situated,  to  hear 
the  parties  and  assess  any  damages  which,  in  the  opinion  of  the  commissioners,  has 
accrued  to  the  owner  or  possessor  of  the  land  so  entered  upon. 

Sect.  3.  The  commissioners,  us  soon  as  may  be,  shall  hear  the  parties  either  with 
or  without  a  view  of  the  premises,  as  the  commissioners  shall  determine,  and  before 
any  hearing  shall  be  had,  shall  order  notice  to  be  given  to  all  persons  interested,  at 
least  fourteen  days  before  the  time  of  hearing* 

Sect.  4.  The  commissioners  shall  file  in  the  office  of  the  clerk  of  the  court  of  com- 
mon pleas  for  said  county,  a  report  of  their  doings,  which  report  shall  be  conclusive 
upon  the  parties,  unless  one  of  them  shall  file,  within  thirty  days  after  the  term  of 
said  court,  which  shall  be  held  next  after  said  report  shall  be  filed,  a  petition  to  the 
said  court,  that  a  trial  be  had  in  the  case  in  said  court;  and  after  notice  to  the 
opposite  party,  a  trial  shall  he  had  in  said  court,  in  the  same  manner  in  which  other 
civil  cases  are  there  tried. 

Sect.  5.  The  person  so  entering  upon  land  as  aforesaid,  may  tender  to  the  party 
injured,  sufficient  amends  therefor,  and  if  the  damages  finally  assessed  shall  not 
exceed  the  amount  so  tendered,  the  person  so  entering  shall  recover  his  costs;  and, 
in  all  other  cases,  the  prevailing  party  shall  recover  his  costs. 

Sect.  6.  In  the  taxation  and  allowance  of  costs  in  the  court  of  common  pleas,  upon 
a  trial  of  the  case,  the  proceedings  of  the  said  court  shall  hold  the  same  relation  to 
the  report  of  the  commissioners,  as  proceedings  of  the  same  court  hold  to  judgments 
of  justices  of  the  peace,  in  cases  of  appeal  from  said  judgments,  and  the  costs  shall 
be  taxed  accordingly. 

Sect.  7.  If  any  person  shall  wilfully  ipjure,  deface  or  remove  any  signal,  monu- 
ment, building,  or  any  appendage  thereto  erected,  used  or  constructed  under  and  by 
virtue  of  the  act  of  Congress  aforesaid,  he  shall  forfeit  the  sum  of  fifty  dollars  for 
each  offence,  to  be  recovered  by  indictment,  to  the  use  of  the  person  prosecuting; 
and  shall  also  be  liable  for  all  damages  sustained  by  the  United  States  of  America^ 
to  be  recovered  in  an  action  on  the  case,  in  any  court  of  competent  jurisdiction. 

Sect.  8.  This  act  shall  take  effect  from  and  after  its  passage. 

Approved  by  the  Governor,  March  25,  1845. 
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BilNNBaOTA, 

Chapteu  60. 

[S.  F.  No.  219.] 
An  Act  to  provide  for  Burveyii  authorized  by  CongrcM  of  the  United  States  in  the  State  of  Minn(>iiot«. 

Be  it  enacted  by  the  LegUlature  of  the  State  of  Minneeota: 

Section  1.  Any  person  employod  in  tho  execution  of  any  survey  authorized  by 
the  congress  of  the  United  States  may  enter  upon  lands  within  this  state  for  the 
purpose  of  exploripg,  triangnlatiug,  leveling,  surveying,  and  of  doing  any  work 
which  may  be  necessary  to  carry  out  the  objects  of  then  existing  laws  relative  to 
surveys,  and  may  establish  permanent  station  marks,  and  erect  the  necessary  signals 
and  temporary  observatories,  doing  no  unnecessary  injury  thereby. 

Sec.  2.  If  the  parties  interested  cannot  agree  upon  the  amount  to  be  paid  for 
damages  caused  thereby,  either  of  them  may  petition  the  district  court  in  the  coanty 
in  which  the  land  is  situated,  which  court  shall  appoint  a  time  for  a  hearing  as  soon 
as  may  be,  and  order  at  least  twenty  (20)  days'  notice  to  be  given  to  all  parties  inter- 
ested, and,  with  or  without  a  view  of  tho  premises,  as  the  court  may  determine, 
hear  the  parties  and  their  witnesses  and  assess  damages. 

Sec.  3.  The  person  so  entering  upon  land  may  tender  to  the  injured  party  dam- 
ages therefor,  and  if,  in  case  of  petition  or  complaint  to  the  court,  the  damages 
finally  assessed  do  not  exceed  tho  amount  tendered,  the  person  entering  shall  recover 
costs;  otherwise,  the  prevailing  party  shall  recover  costs. 

Sec.  4.  The  costs  to  be  allowed  in  all  such  cases  shall  be  the  same  as  allowed 
according  to  the  rules  of  the  court,  and  provisions  of  law  relating  thereto. 

Sec.  5.  If  any  person  shall  wilfully  deface,  injure  or  remove  any  signal,  monu- 
ment, building  or  other  property  of  the  U.  8.  coast  and  geodetic  survey,  constructed 
or  used  under  or  by  virtue  of  the  act  of  congress  aforesaid,  he  shall  forfeit  a  sum 
not  exceeding  fifty  (50)  dollars  for  each  ofiense,  and  shall  be  liable  for  damages  sus- 
tained by  the.United  States  in  consequence  of  such  defacing,  injury  or  removal,  to 
be  recovered  in  a  civil  action  in  any  court  of  competent  jurisdiction. 

Sec.  6.  This  act  shall  take  etTect  from  and  after  its  passage. 

Approved  April  2, 1889. 


MISSOURI. 

geodetic  survey. 

An  Act  to  provide  for  the  protection  of  citizens  of  the  Stat«  of  Misaonri,  the  interests  of  the  United 
States,  and  persons  enga«red  in  the  triaugulatiou  of  the  State  of  Missouri,  under  an  act  of  Congruat 
to  form  a  geodetic  connection  between  the  Atlantic  and  Pacific  Coosta. 

Be  it  enacted  hy  the  General  Assembly  of  the  State  of  Missouri^  as  follows : 
Section  1.  Persons  employed  under  an  Act  of  Congress  of  the  United  States, 
passed  the  tenth  day  of  February,  1807,  and  thesuppleuient  thereto,  may,  upon  mak- 
ing satisfactory  amends,  enter  upon  lands  within  this  State  for  any  purpose  which 
may  be  necessary  to  effect  the  object  of  said  act,  and  may  erect  works,  stations, 
buildings  or  appendages  for  that  purpose,  doing  no  unnecessary  injury. 

Section  2.  If  the  parties  interested  cannot  agree  upon  the  amount  to  be  paid  for 
damages  caused  thereby,  either  of  them  may  petition  the  County  Court  in  the  county 
in  which  the  land  is  situated,  which  court  shall  appoint  a  time  for  a  hearing  as  soon 
as  may  be,  and  order  at  least  fourteen  days'  notico  to  be  given  to  all  persons  inter- 
ested, and,  with  or  without  a  view  of  the  premises,  as  the  Court  may  determine,  hear 
the  parties  and  their  witnesses  and  assess  damages. 
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Section  3.  Tlio  person  so  cDtering  upon  laod  may  tender  to  the  party  injured 
amends  therefor,  and  if,  in  case  of  appeal  to  tlie  county  court,  the  damages  finally 
assessed  do  not  exceed  tlie  amount  tendered,  the  person  entering  shall  recover  costs ; 
otherwise  the  prevailing  party  shall  recover  costs. 

Section  4.  The  costs  to  ho  allowed  in  all  such  cases  shall  he  the  same  as  allowed 
according  to  the  rules  hy  the  circuit  court. 

Section  5.  Whosoever  wilfully  injures,  defaces  or  removes  any  signal,  monu- 
ment, building  or  appendage  thereto,  erected,  used  or  constructed  under  said  acts 
of  Congress,  shall  forfeit  a  sum  not  exceeding  fifty  dollars  for  •ach  such  offence,  and 
shall  be  liable  for  damages  sustained  by  the  United  States  in  consequence  of  sncfa 
injuring,  defacing  or  removing,  to  be  recovered  in  an  action  before  the  circuit  court 
of  the  county  in  which  such  offense  is  committed. 

Section  6.  Any  party  to  the  proceeding  under  the  provisions  of  this  act,  who 
may  feel  aggrieved  by  the  decision  of  any  county  court,  may  take  an  appeal  to  the 
circuit  court,  in  the  same  term,  in  the  same  manner,  and  with  like  effect,  as  in  other 
proceedings  in  the  county  courts  of  this  State ;  Provided^  that  no  appeal  herein  pro- 
vided for  shall  prevent  the  continuation  of  the  work  referred  to  in  this  act. 

Section  7.  This  a(;t.to  take  effect  and  be  in  force  from  and  after  its  passage. 

Approved  March  9,  1872. 


STATU  OF  NBW  HAMPSHIRII. 

Chapter  337. 

An  Act  relating  to  the  survey  of  the  coa«t>n>f  New  Hampshire. 

Section  1.  Be  it  enacted  by  the  Senate  and  House  of  Representatives  in  General  Court 
canvenedy  That  any  person  employed  under  and  by  virtue  of  an  act  of  the  congress 
of  the  United  States,  passed  the  10th  day  of  February,  one  thousand  eight  hundred 
and  seven,  and  the  supplements  thereto,  may  enter  upon  lands  within  this  state  for 
the  purpose  of  exploring,  surveying,  triangulating,  levelling,  or  doing  any  other 
act  which  may  be  necessary  to  effect  the  objects  of  said  acts,  and  may  erect  any 
works,  buildings,  stations  or  appendages  requisite  for  that  puri>ose,  doing  no  unnec- 
essary damage  thereby. 

Sec.  2.  If  the  parties  interested  cannot  agree  upon  the  amount  to  be  paid  for  the 
damages  caused  by  doing  any  of  the  acts  aforesaid,  either  of  them  may  petition  the 
court  of  common  pleas  for  the  county  in  which  the  land  entered  upon  is  situated, 
for  an  assessment  <»f  said  damages,  who  shall  refer  the  same  to  the  road  commis- 
sioners for  sueh  county,  who  shall  hear  the  parties  and  make  report,  as  in  the  case  of 
assessing  damages  for  land  taken  for  highways,  upon  which  the  court  shall  render 
judgment  as  in  other  cases :  Provided,  that  either  of  the  parties  dissatisfied  with  the 
amount  of  damages  so  assessed  may  appeal  to  the  court  of  common  pleas  next  to  be 
holden  in  said  county  and  not  afterwards,  and  thereupon  said  court  shall  assess  the 
damages  of  such  party  by  a  jur}'. 

Sec.  3.  The  person  so  entering  upon  land  as  aforesaid  may  tender  to  the  party 
injured  snfiicient  amends  therefor;  and  if  the  damages  finally  assessed  shall  not 
exceed  the  amount  so  tendered,  the  person  so  entering  shall  recover  his  costs,  and 
in  all  cases  the  party  prevailing  shall  recover  his  costs. 

Sec.  4.  If  any  person  shall  wilfully  deface,  injure  or  remove  any  signals,  monu- 
ments, buildings,  or  any  appendage  thereto,  used  or  constructed  under  and  by  virtue 
of  the  acts  of  congress  aforesaid,  ho  shall  forfeit  the  sum  of  fifty  dollars  for  each 
offence,  to  be  recovered  by  indictment  to  the  use  of  the  party  prosecuting,  and  shall 
also  be  liable  for  all  damages  sustained  by  the  I'nited  States  of  America,  to  be  recov- 
ered in  an  action  on  the  case  in  any  court  of  competent  jurisdiction.  • 

Sec.  5.  This  act  shall  take  effect  from  and  after  its  passage. 

Approved,  June  30,  1846. 


12  U.  8.  COAST   AND    GEODETIC    SURVEY. 

Chapter  XXIX. 

An  Act  in  co-openkion  with  the  United  StAten  Coaat  Survey,  in  tbe  triang^lation  of  the  State. 

Be  it  enaoled  hy  the  Senate  and  House  of  liepreeentativea  in  General  Court  convened: 

Sectiox  1.  The  acting  assistant,  in  charge  of  the  triangulation  now  being  carried 
on  in  this  state  by  the  United  States  coast  survey,  is  hereby  authorized  to  set  such 
signals  as  may  be  necessary  to  render  this  survey  complete,  and  of  tbe  greatest  serv- 
ice and  benefit  for  future  use  in  the  construction  of  a  map  of  the  state,  at  an  expense 
not  exceeding  twenty  dollars  in  any  town  or  city  of  the  state,  and  to  draw  upon  the 
state  treasurer  for  the  sums  so  expended. 

Sect.  2.  The  state  treasurer  is  hereby  directed  to  pay  out  of  any  money  in  the 
treasury  such  expenses  as  may  be  incurred  in  carry iug  out  the  object  named  in 
the  preceding  section,  the  bills  for  the  same  having  been  previously  approved  by 
the  governor. 

Sect.  3.  This  act  shall  take  effect  on  its  passage. 

Approved  July  3,  1872. 


NBW  JBRSE7. 

ACT8  OF  THK   SIXTY-FIFTH   GENKRAL  'ASSEMHLY   OK   TIIK   8TATK   Or'   NKW   JERSEY. 

An  Act  concerning  tho  snivey  of  tlio  coast  of  New  Jersey. 

Section  1.  Be  it  enacted  by  the  Council  and  General  Aaaemhly  of  Ihie  StatCf  and  it  i$ 
hereby  enacted  by  the  authority  of  the  same,  That  it  shall  and  may  be  lawful  for  any 
person  or  persons,  employed  under  and  by  virtue  of  the  act  of  the  Congress  of  the 
United  States  entitled,  ''An  act  to  provide  for  surveying  the  coasts  of  the  United 
States/'  passed  the  tenth  day  of  February,  in  the  year  of  our  Lord  eighteen  hundred 
and  seven,  at  any  time*  hereafter  to  enter  upon  any  lands  within  this  state,  for  the 
purpose  of  exploring,  surveying,  or  levelling,  or  doing  any  other  matter  or  thing 
which  maj"^  be  necessary  to  effect  the  objects  of  the  said  act,  and  to  erect  any  works, 
stations,  buildings,  and  appendages  necessary  for  that  purpose,  doing  no  unneces- 
sary injury  to  private  or  other  property. 

Section  2.  And  be  it  enacted,  That  in  case  the  person  or  persons  so  employed  under 
the  said  act  cannot  agree  with  the  owners  or  possessors  of  the  said  laud  so  entered 
upon,  for  the  use  of  the  same,  or  upon  the  amount  of  the  damage  done  thereto,  it 
shall  and  may  be  lawful  for  the  person  or  persons  so  employed,  or  the  owners  or 
possessors  of  the  said  lauds,  to  apply  to  one  of  the  justices  of  the  supreme  court  of 
this  state,  who  shall  thereupon  appoint  three  disinterested  and  judicious  freeholders 
resident  in  the  county  wherein  the  said  lands  do  lie,  which  said  freeholders,  having 
first  severally  taken  and  subscribed  an  oath  or  affirmation,  before  some  person  duly 
authorized  to  administer  the  same,  faithfully  to  examine  the  matter  in  question,  and 
assess  the  damages  sustained  by  the  owners  or  possessors  of  the  lands  so  occupied, 
by  reason  of  such  occupation  thereof,  according  to  the  best  of  their  skill  and  under- 
standing; and  the  said  freeholders,  or  a  majority  of  them,  having  given  to  the 
owners  or  possessors  of  the  ^said  lands,  and  to  the  person  or  persons  so  employed, 
five  days'  notice  of  the  time  and  place  of  meeting,  shall  xuoceetl  upon  the  testimony 
of  witnesses,  to  be  by  them  sworn  or  affirmed  and  examined,  or  upon  their  own  view, 
or  both,  to  assess  the  said  damages;  aud  shall  make  report  thereof  in  writing,  under 
their  hands  and  seals,  and  file  tho  same  within  five  days  thereafter  in  the  office  of 
the  clerk  of  the  county  in  which  the  said  lands  do  lie;  which  report,  as  between 
the  said  parties,  shall  be  final  and  conclusive,  and  tbe  amount  so  assessed  and 
reported  be  paid  to  the  said  owners  or  possessors  of  the  said  lands  within  ten  days 
after  the  filing  of  the  said  report;  and  upon  default  of  such  payment,  any  person  or 
persons  so  entering  npon  the  said  lands  shall  forfeit  all  his  or  their  right  of  entry 
given  by  this  Act,  and  shall  be  taken  and  considered  as  guilty  of  trespaas,  in  like 
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manner  as  if  this  act  had  not  been  passed ;  and  the  said  jnstire  of  the  said  supreme 
court  shall,  on  application  of  cither  party,  tax  and  allow  such  costs,  fees,  and 
expenses,  to  any  person  or  persons  performing  any  of  the  duties  prescribed  in  this 
act,  as  he  shall  think  equitable  and  just,  which  shall  be  paid  by  the  person  or  per- 
sons employed  under  the  said  act,  within  the  time  above  limited. 

Section  3.  And  he  it  enacted,  That,  if  any  person  or  persons  shall  wilfully  injure, 
deface,  or  remoVe  any  signal,  station,  monument,  or  building,  or  any  appendage 
thereto  erected,  used,  or  constructed  under  the  said  act  of  the  Cong^ress  of  the  United 
States,  or  under  this  act,  such  person  or  persons  so  offending  shall  severally  forfeit 
and  pay  the  sum  of  one  hundred  dollars,  with  costs  of  suit,  to  bo  sued  for  and  recov- 
ered by  any  person  who  shall  lirst  sue  for  the  same  in  any  court  having  cognizance 
thereof;  one  half  thereof  for  the  use  of  the  said  prosecutor,  and  the  other  half 
thereof  to  be  paid  to  the  overseers  of  the  poor  of  the  township  in  which  the  offence 
was  committed,  for  the  use  of  the  poor  of  said  township,  and  shall  be  also  liable  to 
pay  the  amount  of  damages  thereby  sustained,  to  be  recovered,  with  costs  of  suit, 
in  an  action  on  the  case,  in  the  name  and  for  the  use  of  the  United  States  of  America, 
in  any  court  of  competent  jurisdiction. 

Section  4.  And  be  it  enacted.  That  this  act  shall  go  into  effect  immediately  after 
the  passage  thereof. 

Passed  March  11,  1841. 


OHIO. 

An  Act  relating  to  Burveyi)  authorised  by  the  congress  of  the  United  States,  in  the  state  of  Ohio. 

Section  1.  Beit  enacted  by  the  General  Aesembly  of  the  State  of  Ohio,  That  any  person 
employed  in  the  execution  of  any  survey  authorized  by  the  congress  of  the  United 
States,  may  enter  upon  lands  within  this  state  for  the  purpose  of  exploring,  trian- 
gulating, leveling,  surveying,  and  of  doing  any  work  which  may  be  necessary  to 
carry  out  the  objects  of  existing  laws,  and  may  establish  permanent  stations,  marks, 
and  erect  the  necessary  signals  and  temporary  observatories,  doing  no  unnecessary 
injury  thereby. 

Sec.  2.  If  the  parties  interested  cannot  agree  upon  the  amount  to  be  paid  for  dam- 
ages caused  thereby,  either  of  theih  may  petition  the  probate  court  in  the  county  in 
which  the  land  is  situated,  which  court  shall  appoint  a  time  for  a  hearing  as  soon  as 
may  be,  and  order  at  least  fourteen  days*  notice  to  be  given  to  all  parties  interested, 
and  with  or  without  a  view  of  the  premises,  as  the  court  may  determine,  hear  the 
parties  and  their  witnesses,  and  assess  damages. 

Sec.  3.  The  person  so  entering  upon  land  may  tender  to  the  injured  parties  dam- 
ages therefor,  and  if,  in  case  of  appeal  to  the  probate  court,  the  damages  finally 
assessed  do  not  exceed  the  amount  tendered,  the  persons  entering  shall  recover  costs; 
otherwise  the  prevailing  party  shall  recover  costs. 

Sec.  4.  The  costs  to  bo  allowed  in  all  such  cases  shall  be  the  same  as  allowed 
according  to  the  rules  of  the  court. 

Sec.  5.  If  any  person  shall  wilfully  deface,  injure,  or  remove  any  signal,  monument, 
building,  or  other  property  of  the  United  States  coast  survey  constructed  or  used 
under  or  by  virtue  of  the  acts  of  congress  aforesaid,  he  shall  forfeit  a  sum  not  exceed- 
ing fifty  dollars  for  each  offense,  and  shall  be  liable  for  damages  sustained  by  the 
United  States  in  consequence  of  such  defacing,  injury,  or  removal,  to  be  recovered 
in  an  action  in  the  case  in  any  court  of  competent  jurisdiction. 

Sec.  6.  This  act  shall  take  effect  from  and  after  its  passage. 

James  £.  Neal, 

Speaker  of  the  Houee  of  Bepreeentatives. 

James  W.  Owens, 

I'reaident pro  tern,  of  the  Senate, 
Passed  April  14,  1879. 
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OREOON. 

* 

An  Act  relating  to  SurvejB  Authorized  by  the  Congress  of  the  United  SUtes  in  llie  Stat©  of  Oregon. 

Be  it  enacted  by  the  Legislative  Aseemhly  of  the  State  of  Oregon : 

Section  1.  Any  person  employed  in  the  execntion  of  any  survey  authorized  by  the 
congress  of  the  United  States  may  enter  upon  lands  within  this  State  ibr  the  purpose 
of  exploring,  triangulating,  leveling,  surveying,  and  of  doing  any  work  which  may 
be  necessary  to  carry  out  the  objects  of  existing  laws,  and  may  establish  permanent 
station  marks  and  erect  the  necessary  signals  and  temporary  observatories,  doing  no 
unnecessary  injury  thereby,  having  first  paid  or  tendered  to  the  owner  thereof  the 
compensati<»n  or  damages  hereinafter  prescribed. 

Section  2.  If  the  parties  interested  cannot  agree  upon  the  amount  to  be  paid  for 
damages  caused  thereby,  either  of  them  may  petition  the  county  court  in  the  county 
in  which  the  land  is  situated,  which  court  shall  appoint  a  time  for  a  hearing  as  soon 
as  may  be,  and  order  at  least  fourteen  days'  notice  to  be  given  to  all  parties  interested 
and,  with  or  without  a  view  of  the  premises,  as  the  court  may  determine,  hear  the 
parties  and  their  witnesses  and  assess  damages. 

Section  3.  The  person  so  entering  upon  land  may  tender  to  the  iigured  party  dam- 
ages therefor,  and  if  in  case  of  appeal  to  the  county  court  the  damages  finally  assessed 
do  not  exceed  the  amount  tendered,  the  person  entering  shall  recover  costs ;  other- 
wise the  prevailing  party  shall  recover  costs. 

Section  4.  llie  costs  to  be  allowed  in  all  such  cases  shall  be  the  same  as  allowed 
according  to  the  rules  of  the  court. 

Section  5.  If  any  person  shall  wilfully  deface,  injure  or  remove  any  signal  monu- 
ment, building  or  other  property  of  the  U.  S.  coast  survey,  constructed  or  used  under 
or  by  virtue  of  the  Acts  of  congress  aforesaid,  he  shall  forfeit  a  sum  not  exceeding 
fifty  dollars  for  each  offense,  and  shall  be  liable  for  damages  sustained  by  the  United 
States  in  consequence  of  such  defacing,  injury  or  removal,  to  be  recovered  in  an  action 
on  the  case  in  any  court  of  competent  jurisdiction. 

Section  6.  Inasmuch  a^  there  is  no  law  on  this  subject,  this  Act  shall  be  in  force 
from  and  after  its  approval  by  the  Governor. 

Approved  February  25, 1889. 


SOUTH    CAROLINA. 

An  Act  relating  to  the  Survey  of  the  Coast  of  South  Carolina  nnder  the  authority  of  the  United 

States.    S^o.  3021. 

I.  Be  it  ena^itedf  by  the  Senate  and  House  of  Bepreeentativefi,  now  met  and  sitting  in 
General  Assembly,  and  by  the  authority  of  the  same,  That  any  person  employed  under 
and  by  virtue  of  an  Act  of  the  Congress  of  the  United  States,  passed  the  tenth  day 
of  February,  in  the  year  of  our  Lord  one  thousand  eight  hundred  and  seven,  and  the 
supplements  thereto,  may  enter  upon  lands  within  this  State,  for  the  purpose  of 
exploring,  surveying,  triangulation,  leveling,  or  doing  any  other  act  which  may  be 
necessary  to  effect  the  object  of  the  said  Act  of  Congress,  doing  no  unnecessary  injury 
thereby,  so  that  the  dwelling  house,  yard,  garden,  graveyard,  or.  ornamental  trees, 
of  any  person  be  not  invaded  without  his  consent:  And  provided,  that  before  snob 
entry,  the  person  so  employed  as  aforesaid,  shall  enter  into  bond,  with  sutfioient 
security,  in  such  sum  as  may  be  agreed  upon  by  and  between  the  said  persons  so 
employed  as  aforesaid,  and  the  owner  of  the  said  lands,  conditioned  to  pay  whatever 
damages  may  be  done  after  such  entry;  and  in  case  of  disagreement  of  the  parties  as 
to  the  amount  of  the  penalty  of  the  bond,  the  same  may  be  determined  by  any  Judge 
of  the  Court  of  Common  Pleas  of  this  State  in  chambers  or  open  court,  upon  applica- 
tion to  him,  after  ten  days*  notice  to  the  opposite  party,  which  application  may  be 
supported  or  answered  by  affidavit. 
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II.  If  the  parties  interested  cannot  agree  upon  the  amount  to  be  paid  for  the  dam- 
ages caused  by  doing  any  of  the  acts  aforesaid,  cither  of  them  may  petition  the  Conrt 
of  Common  Pleas  for  the  district  in  which  the  damage  has  been  done  for  the  appoint- 
ment of  five  commissioners,  a  majority  of  whom  shall  value  and  fix  the  amount  of 
the  said  damage,  either  upon  view  or  upon  competent  testimony,  as  the  said  commis- 
sioners may  deem  best.  And  the  said  commissioners,  before  they  act,  shall  severally 
take  an  oath  before  some  magistrate,  faithfully  and  impartially  to  discharge  the  duty 
assigned  them,  and  shall  return  their  proceedings,  with  a  full  description  of  the  dam- 
age done,  under  the  hands  and  seal  of  a  majority  of  them,  to  the  Court  from  which 
the  commission  issued,  there  to  remain  of  record. 

III.  In  case  either  party  shall  appeal  from  the  valuation  of  the  damage  so  fixed  by 
the  said  commissioners,  or  a  majority  of  them,  to  the  Court  at  its  next  sitting  there- 
after, and  give  fifteen  days'  notice  to  the  opposite  party,  bf  such  appeal,  the  Conrt 
shall  order  a  new  valuation  to  be  made  by  a  jury,  who  shall  be  charged  therewith  in 
the  same  term  or  as  soon  as  practicable,  and  their  verdict  shall  be  final  and  conclu- 
sive between  the  parties,  unless  a  new  trial  shall  bo  granted. 

IV.  If  any  person  shall  wilfully  and  maliciously  destroy,  or  in  any  manner  hurt, 
damage,  or  obstruct,  or  shall  wilfully  and  maliciously  cause,  or  aid,  or  assist,  or  coun- 
sel, or  advise  any  other  person  or  persons  to  destroy  or  in  any  manner  to  hurt,  dam- 
age, iiO^f®  ^^  obstruct  any  signal,  monument,  building,  or  any  appendage  thereto, 
used  or  eonstruct-ed  under  and  by  virtue  of  tlie  Act  of  Congress  aforesaid,  he  shall 
be  liable  to  be  indicted  therefor,  and  on  conviction  shall  bo  imprisoned  not  more  than 
one  month,  or  pay  a  fine  not  exceeding  fifty  dollars,  or  both,  at  the  discretion  of  the 
Conrt  before  which  such  conviction  shall  take  place,  and  shall  be  further  liable  to 
pay  all  expenses  of  repairing  the  same,  and  it  shall  not  be  competent  for  any  person 
BO  offending,  to  defend  himself,  by  pleading  or  giving  in  evidence  that  he  was  the 
owner,  or  agent,  or  servant  of  the  owner  of  the  land  where  such  damage  was  done 
or  caused  at  the  time  the  same  was  caused  or  done. 

In  the  Senate  House,  the  seventeenth  day  of  December,  in  the  year  of  our  Lord 
one  thousand,  eight  hundred  and  forty-eight,^  and  in  the  seventy -second  year  of  the 
Sovereignty  and  Independence  of  the  United  States  of  America. 

R.  F.  W.  Allston, 
President  of  the  Senate  pro,  tern. 

W.    F.   COLCOCK, 

Speaker  of  the  House  of  Eepreaentatives, 


TENNESSEE. 
CUAPTKK  XXIV. 

An  Act  relatiug  to  the  United  StateR  Coast  Sarvey  in  the  State  of  Tennessee. 

Section  1.  Beit  enacted  by  the  General  Assembly  of  the  State  of  Tennessee^  That  any 
person  employed  under  and  by  virtue  of  an  Act  of  Congress  of  the  United  States, 
passed  the  tenth  day  of  February,  one  thousand  eight  hundred  and  seven  and  of  the 
supplements  thereto,  or  under  the  direction  of  Congress  to  form  a  Geodetic  connec- 
tion between  the  Atlantic  and  Pacific  coasts,  and  to  furnish  triangnlation  points  for 
State  Surveys,  may  enter  upon  such  lauds  within  this  State  for  the  purpose  of  explor- 
ing, triangulating,  leveling,  surveying  and  of  doing  any  other  act  which  may  be 
necessary  to  carry  out  the  objects  of  said  laws,  and  may  erect  any  works,  stations, 
buildings  and  appendages  requisite  for  that  purpose,  doing  no  unnecessary  injury 
thereby. 

» Seven. 
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Sec.  2.  Be  it  further  enacted,  That  if  the  person  or  persons,  over  whose  lauds  the 
snrvey  has  been  mode,  or  upon  whose  lands  monuments,  stations  or  buildings  have 
been  erected,  or  who  has  in  any  way  sustained  damage  by  such  survey,  cannot  agree 
with  the  officer  of  the  Coast  Survey  as  to  the  damage  sustained,  the  amount  of  such 
damage  may  be  ascertained  in  the  manner  provided  by  Chapter  II,  of  Title  8,  Code 
of  Tennessee,  providing  for  taking  private  property  for  public  uses. 

Skc.  3.  Be  it  further  enacted,  That  if  any  person  shall  wilfully  deface,  injure  or 
remove  any  signals,  monuments,  buildings  or  other  property  of  the  United  States 
Coast  Survey,  constructed  or  used  under  or  by  virtue  of  the  Acts  of  Congress  afore- 
said,  he  shall  forfeit  a  sum  not  exceeding  fifty  dollars  for  each  offense,  and  shall  be 
liable  for  damages  sustained  by  the  United  States  in  consequence  of  each  defacing, 
injury  or  removal,  in  an  action  on  the  case  in  any  Court  of  competent  jurisdiction. 

Sec.  4.  Be  it  further  enaSted,  That  this  Act  shall  take  efi'ect  from  and  after  its  pas- 
sage, the  public  welfare  requiring  it. 

Passed  March  17,  1877. 

Hugh  M.  McAdoo, 

Speaker  of  the  Senate, 
Edwix  T.  Taliaferro, 
Speaker  of  the  House  of  Bepreeentativee, 
Approved  March  21,  1877. 

James  D.  Porter,  Governor, 


VERMONT. 

No.  251.    An  Act  relating  to  tho  Survey  of  Lake  Champlain,  and  to  tbe  operations  connected  there* 

with,  in  the  State  of  Vermont. 

It  is  hereby  entMted  by  the  General  Jseembly  of  the  State  of  Vermont  : 

Sbc.  1.  Any  person  employed  under  and  by  virtue  of  an  act  of  the  Congress  of  the 
United  States,  passed  the  tenth  day  of  February,  one  thousand  eight  hundred  and 
seven,  and  the  supplements  thereto,  may  enter  upon  lauds  within  this  state  for  the 
purpose  of  exploring,  surveying,  triangulating,  levelling,  and  doing  any  other  act 
which  may  be  necessary  to  effect  the  object  of  snid  act,  or  of  the  act  of  Congress 
passed  the  fifteenth  day  of  July,  one  thousand  eight  hundred  and  seventy,  and  may 
erect  any  works,  stations,  buildings,  and  appendages  requisite  for  that  purpose, 
doing  no  unnecessary  injury  thereby. 

Sec.  2.  If  the  parties  interested  cannot  ag^ee  upon  tbe  amount  to  be  paid  for  the 
damages  caused  by  doing  any  of  the  acts  aforesaid,  either  of  them  may  ]>etition  a 
judge  of  the  county  court  of  the  county  where  such  land  is  situated  for  the  appoint* 
nient  of  commissioners  to  appraise  such  damages;  and  such  judge  shall  give  reason- 
able notice  to  the  parties  interested  of  the  time  when  and  place  where  he  will  hear 
the  parties  in  such  petition;  and  such  judge  may  appoint  three  judicious  and  dis- 
interested persons  commissioners  to  ascertain  the  damages  to  such  land-owner. 
And  such  commissioners  shall  notify  the  parties  interested,  and  shall  proceed  to 
ascertain  and  appraise  the  damages  to  the  land-owner,  and  shall  make  a  report 
thereof  to  the  county  court  then  next  to  be  held  in  the  same  county ;  and  said  court 
may,  for  sufficient  reasons,  accept  or  reject  said  report,  in  whole  or  in  part,  and  may 
render  Judgment  in  favor  of  the  person  interested  in  the  land  for  such  damages  as 
it  shall  appear  he  has  sustained,  and  may  tax  costs  as  said  court  shall  judge  just 
and  equitable,  and  shall  issue  execution  therefor. 

Sec.  3.  The  person  ao  entering  upon  the  land  and  doing  any  of  the  acts  aforesaid, 
may  tender  to  the  parties  injured  sufficient  amends  therefor,  and  if  the  damages 
finally  assessed  shall  not  exceed  the  amount  so  tendered,  the  person  so  entering  shall 
recover  his  costs. 
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Sec.  4.  If  any  person  shall  wilfally  deface,  injure,  or  remove  any  signals,  monu- 
ments, buildings,  or  any  appendage  thereto,  used  and  constructed  under  and  by 
yirtuo  of  the  acts  of  Congress  aforesaid,  he  shall  forfeit  a  sum  not  exceeding  fifty 
dollars  for  each  offense,  to  be  recovered  by  indictment  for  the  use  of  the  party 
prosecuting,  and  shall  also  be  liable  for  all  damages  sustained  by  the  United  States 
of  America,  to  be  recovered  in  an  action  on  the  case  in  any  court  of  competent 
jurisdiction. 

Sbc.  5.  This  act  shall  take  effect  from  and  after  its  approval  by  the  governor. 

Approved  November  8,  1870. 


VIRGINIA. 

Laws  of  Virginia  passed  in  1843-4 — Page  66.    Chapter  85. 

$  1  of  Title  I,  Chap.  2.  refers  to  '^  Places  purchased  by  the  United  States  for  forts 
and  other  buildings." 

$  2.  Any  person  employed  under  the  act  of  congress  providing  for  a  survey  of  the 
coasts  of  the  United  States  approved  the  tenth  of  February,  eighteen  hundred  and 
seven,  or  under  any  act  supplemental  thereto,  may,  for  the  purpose  of  exploring, 
surveying,  triangulating  or  leveling,  to  effect  the  objects  of  the  first  mentioned  act, 
enter  upon  auy  lands  within  this  state,  remove  the  fences,  cut  down  trees,  or  do  any 
other  matter  or  thing  necessary  to  effect  those  objects. 

^  3.  The  damages  sustained  by  removal  of  the  fences,  cutting  of  trees,  injury  to  the 
crops,  or  otherwise,  if  the  same  be  not  agreed  upon,  sliall  be  ascertained  either  on 
the  application  of  the  person  so  employed,  of  of  the  owner  or  possessor  of  the  land, 
as  follows,  that  is  to  say :  notice  shall  be  given  by  one  of  them  to  the  other  for  ten 
days  that  at  a  certain  time  aud  place  he  will  apply  to  a  justice  to  appoint  persons 
to  assess  the  damages.  Upon  its  being  shewn  to  the  justice  at  such  time  and  place 
that  such  notice  has  been  given,  the  justice  shall  appoint  three  intelligent,  disinter- 
ested and  impartial  freeholders  to  make  such  assessment.  They  shall  be  duly  sworn, 
aud  after  giviug  five  days'  notice  of  the  time  of  their  meeting,  both  to  the  applicant 
and  the  other  party,  shall  go  upon  the  premises,  aud  then  and  there,  upon  their  own 
view  and  the  evidence  of  such  witnesses  as  may  be  adduced,  to  be  by  them  sworn 
and  examined,  shall  assess  the  damages. 

$  4.  They  shall  make  a  report  of  their  proceedings,  under  their  hands,  and  file 
the  same  within  five  days  thereafter  i^  the  office  of  the  clerk  of  the  court  of  the 
county  whereiu  the  laud  is  situated. 

^  5.  Within  ten  days  after  the  same  be  filed,  either  party  may  file  with  the  clerk  a 
written  notice  statiug  that  he  appeals  from  the  assessment  to  the  county  court. 

$  6.  If  no  such  notice  be  filed,  the  county  court  shall  at  the  first  term  thereafter 
confirm  the  report,  make  a  reasonable  allowance  to  the  freeholders  for  their  services, 
and  order  payment  to  be  made  of  the  amount  so  assessed,  of  such  allowance,  of  the 
officers'  fees  and  of  what  the  witnesses  may  be  entitled  to  for  their  attendance. 

$7.  If  such  notice  be  filed,  either  party  may  thereupon  take  out  subpoenas  for 
witnesses ;  aud  at  the  first  term  at  which  the  same  can  conveniently  be  done,  the 
case  shall  be  heard.  If  either  party  desire  it,  a  jury  may  be  impanelled  to  assess 
the  damages;  but  if  this  be  not  asked,  the  court  shall  itself  hear  the  witnesses  and 
make  such  assessment 'as  may  seem  to  it  proper.  And  the  court  shall  give  such 
directions  in  regard  to  the  costs  us  it  may  deem  right. 

$  8.  If  any  person  shall  wilfully  injure,  deface  or  remove  any  signal,  monument 
or  building  or  auy  appendage  thereof,  erected,  used  or  constructed  under  the  act  of 
congress  aforesaid,  such  person  shall  forfeit  fifty  dollars  to  any  person  who  shall 
sue  for  the  same,  and  shall  also  be  liable  to  the  United  States  for  the  damages  thereby 
sustained. 

Code  of  Virginia,  published  in  1849,  pp.  60, 61. 

S.  Ex.  19,  pt.  2 2 
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TWTBST  VIRGINIA. 

CUAITER  LXXXIV. 

Ad  Act  concerning  the  United  States  Coast  and  Geodetic  Survey  iii  this  State. 

Be  it  enacted  by  the  Legislature  of  West  Virginia : 

1.  That  it  shall  aud  may  be  lawful  for  any  person  or  persons  employed  under  and 
by  virtue  of  an  act  of  the  Congress  of  the  United  States,  passed  February  the  tenth, 
one  thousand  eight  hundred  aud  seven,  and  all  acts  supplemental  thereto,  at  any 
time  hereafter  to  enter  upon  lands  Tvithin  this  state  for  the  ]nirpose  of  exploring, 
surveying,  triangulating  or  leveling,  or  doing  any  other  matter  or  thing  which  may 
be  necessary  to  effect  the  objects  of  said  act;  and  to  erect  any  works,  stations, 
buildings  or  appendages  requisite  for  tliat  purpose,  doing  no  unnecessary  ii^jury  to 
private  or  other  property. 

2.  That  in  case  the  person  or  persons  employed  under  the  act  of  Congress  aforesaid, 
or  acts  supplemental  thereto,  cannot  agree  with  the  owners  or  possessors  of  the 
land  so  entered  upon  and  used,  as  to  the  amount  of  damages  done  thereto  by  reason 
of  the  removal  of  fences,  cutting  of  trees,  or  injury  to  the  crop  or  crops  growing  on 
the  same,  it  shall  aud  may  be  lawful  for  the  said  parties,  or  either  of  them,  to  apply 
to  the  circuit  court  of  the  county  to  have  the  same  condemned,  and  such  application 
shall  be  proceeded  in,  tried  and  determined,  in  all  respects,  as  provided  in  chapter 
forty  two  of  the  code  of  West  Virginia. 

3.  That  if  any  person  or  persons  shall  wilfully  injure  or  deface  or  remove  any  sig- 
nal, monument,  or  building,  or  any  appendage  thereto,  erected,  used  or  oonstmcted 
under  and  by  virtue  of  the  act  of  congress  aforesaid,  or  nuy  act  or  acta  supplemental 
thereto,  such  persons  so  offending  shall  severally  forfeit  aud  pay  the  sum  of  fifty 
dollars  with  the  costs  of  suit,  to  be  sued  for  and  recovered  by  any  person  who  shall 
first  prosecute  the  same  before  any  justice  of  the  i»eace  of  the  county  where  the  per- 
son so  offending  may  reside,  and  shall  also  be  liable  to  pay  the  amount  of  damages 
thereby  sustained,  to  be  recovered  with  costs  of  suit  in  an  action  on  the  case,  in  the 
name  and  for  the  use  of  the  United  States  of  America,  in  any  court  of  competent 
jurisdiction. 

Passed  March  14, 1881. 
Approved  March  16,  1881. 

[Note  by  the  Clerk  of  tlie  Huumc  of  l>elegato8.] 

The  foregoing  act  takes  effect  from  its  iiassage,  two- thirds  of  the  members  elected 
to  each  House,  by  a  vote  taken  by  yeas  aud  nays,  having  so  directed. 
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ON  THE  RESULTING  HEIGHTS  FROM  GEODETIC  LEVELING  ALONG  THE 
TRANSCONTINENTAL  LINE  OF  LEVELS  BETWEEN  ST.  LOUIS  AND  JEF- 
FERSON CITY,  MO.,  EXECUTED  IN  THE  YEARS  1882  AND  1888,  BY  ANDREW 
BRAID  AND  GERSHOM  BRADFORD,  ASSISTANTS,  AND  ISAAC  WINSTON, 
SUBASSISTANT. 


DUcussion  and  report  by  Charles  A.  Schott,  Assistant  and  Chief  of  the  Comput- 
ing Division. 

Submitted  for  publication  August  29, 1893. 


The  report  which  1  have  the  honor  to  submit  herewith  gives  the 
resulting  heights  from  geodetic  leveling  along  the  transcontinental 
line  of  levels  between  St.  Louis  and  Jefferson  City,  Mo.,  executed  in 
the  years  1882  and  1888  by  Assistants  Andrew  Braid  and  Gershom 
Bradford. 

In  Appendix  No.  11,  Beport  for  1880,  Assistant  Braid  explains  the 
method  of  leveling  then  in  use,  viz :  Two  parallel  lines  were  run  simul- 
taneously and  in  the  same  direction,  one  using  (say)  Staff  E,  the 
other  Staff  F,  the  rods  being  placed  at  slightly  different  distances 
from  the  intrumeiit;  alternate  parts  of  the  double  line  were  run  in  oppo- 
site directions.  On  level  ground  or  where  the  slope  did  not  interfere, 
the  average  distance  between  the  staves  was  220  metres,  the  instru- 
ment being  as  near  as  may  be  midway  between  them.  This  method 
was  afterwards  found  unsatisfactory  and  was  superseded  in  1885  and 
1886  by  the  better  one  of  running  two  independent  linesj  one  forward, 
the  other  backward.  The  latter  method  was  employed  in  1888  by 
Assistant  Bradford,  who  usually  took  the  forward  and  Subassistant 
Winston  the  backward  measures. 

Route  of  levels. — The  line  starts  from  the  Coast  and  Geodetic  Survey 
bench  mark  J3,  as  marked  by  a  bronze  plate  on  the  western  land  pier  of 
the  Great  Bridge  across  the  Mississippi  at  St.  Louis,  and  identical  in 
level  with  bench  mark  K3,  known  as  the  St.  Louis  Directrix,  which  is 
used  by  city  surveyors  and  United  States  engineers.  (For  description 
see  Appendix  ]^o.  11,  0.  and  G.  Survey  Keport  for  1882,  p.  556.)  The 
line  of  1882  follows  the  Missouri  Pacific  Eailroad  track  to  Few  Haven 
and  a  few  miles  beyond  to  Etlah,  at  which  iK)int  it  was  taken  up  and 
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carried,  in  1888,  along  the  same  road  to  Moreaa  Greek  (secondary  bench 
mark  XXV),  a  few  miles  east  of  Jefferson  City.  Total  development  of 
line  of  levels  from  St.  Louis  mark  K3  to  temporary  mark  XXV,  194-5 
kilometres,  or  120*86  statute  miles.    (See  illustration  Ko.  1.) 

Observers  and  dates  of  leveling. — Assistant  A.  Braid  carried  the  line 
from  St.  Louis  to  Etlah  between  October  16  and  December  0, 1882,  and 
Assistant  G.  Bradford,  aided  by  Subassistant  I.  Winston,  extended  it 
to  the  vicinity  of  Jefferson  City  between  April  19  and  June  30, 1888. 

Instruments  and  rods. — Geodetic  spirit  level  No.  1  was  used  by  Assist- 
ant Braid;  it  is  described  and  illustrated  in  Appendix  Ko.  11,  Eeport 
for  1880.  The  metric  rods  E  and  F  are  of  the  pattern  shown  on  plate 
23,  Coast  and  GcJodetic  Survey  Report  for  1879,  Appendix  No.  15. 
Assistant  Bradford  used  almost  exclusively  spirit  level  No.  2  and  No. 
3  on  only  four  days;  the  rods  A  ( Ai),  B,  C,  D  were  used  at  one  time  or 
another.^  Both  instruments  are  described  in  Appendix  No.  15,  Report 
for  1879,    The  instrumental  constants  are  as  follows: 

'Ai  and  B  from  April  19  to  May  18;  theu  C  and  D  until  May  28;  then  B  and  D 
nntil  June  7;  after  that  date  Ai  and  B,  but  from  June  23  to  June  30  C  and  D  were 
again  ased,  their  broken  thermometers  having  been  replaced  by  new  ones. 
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22  U.  8.  COAST  AND  GEODETIC  SURVEY. 

Method  of  observing. — As  already  stated,  the  method  employed  for  the 
part  of  the  line  between  St.  Louis  and  Etlali  was  that  of  running  simul- 
taneously two  parallel  lines,  but  this  was  changed  for  the  remainder  of 
the  line  to  the  better  practice  of  running  two  independent  lines — one 
forward,  the  other  backward.  In  the  latter  work,  before  taking  the 
micrometer  reading  for  "  horizon,"  the  bubble  of  the  level  was  always 
brought  to  the  center  of  the  scale. 

Computations. — ^The  field  computation  was  made  by  the  observer,  and 
the  office  comjmtatiou  of  the  1883  work  by  Subassistant  J.  F.  Pratt 
and  Mr,  H.  Farquhar,  with  results  drawn  up  by  Mr.  A.  8.  Christie.^  The 
observations  of  1888  were  reduced  by  the  observers,  and  the  office  com- 
putation was  made  by  Mr.  F.  M.  Little  in  November,  1888,  and  com- 
pleted by  Subassistant  J.  Nelson,  in  April,  1893.  The  usual  corrections 
were  made  for  micrometric  difference  when  pointing  to  horizon  and  to 
target  of  staff;  for  effect  of  collar  inequality;  for  curvature  and  refrac- 
tion; for  length- of  staff  at  various  temperatures,  and  for  index  error 
where  necessary. 

Results. — They  are  given  here  in  the  usual  tabiflar  form,  but  instead 
of  starting  from  the  sea  level  the  results  are  given  differentially  with 
respect  to  the  St.  Louis  bench  mark  K3.  Its  height  above  the  ocean  is 
at  present  not  known  with  precision,  but  the  value  given  in  the  Annual 
Eeport  for  1882,  page  554,  appears  too  high,  to  judge  from  the  two  inde- 
pendent lines  of  levels  now  extending  to  the  Gulf.  Until  the  fieldwork 
is  completed,  and  if  temporarily  approximate  results  of  the  bench  marks 
west  of  St.  Louis  be  required,  we  may  take  for  the  height  of  this  mark 
126  metres,  or  413'4:  feet,  nearly. 


Results  reported  by  me,  August  25,  1883. 
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Description  of  primary  and  secondary  bench  marks  between  St,  LouiSy  Mo,,  and  Etlah,  Mo. 

K3. — This  maik  is  known  at  St.  Louis  as  the  "City  Directrix."  It  has 
been  in  use  for  many  years  in  connection  with  the  levels  of  the  city. 
It  was  originally  the  top  surface  of  a  pedestal  of  a  monument 
which  stood  on  Front  street,  near  Market.  The  monument  shaft 
was  destroyed  at  the  time  of  the  great  fire  in  that  locality,  but  the 
pedestal  remainexi.  It  is  now  (1882)  level  with  the  curbstone  and 
forms  a  part  thereof.  A  T  mark  has  since  been  cut  to  indicate 
the  point  used  for  a  bench  mark.  The  large  bronze  plate  bench 
marks  I3,  on  south  face  of  the  eastern  land  pier  of  the  Great  Bridge 
at  East  St.  Louis,  III.,  and  J3,  on  the  western  land  pier  of  the  bridge, 
were  placed,  as  near  as  possible,  on  the  same  level  with  the  Cicy 
Directrix  mark  K3.  (See  C.  and  G.  Survey  Rei)ort  for  18»2,  p.  554  j 
also  report  of  the  Miss.  River  Commission  for  1883.) 


B.  0  M. 


S  .C.  Si  o.s. 
1882 

FlQ.  1. 

Secondary  B.  M.  X, — Is  cut  on  the  upper  surface  of  the  middle  top 
stone  of  the  south  side  of  the  east  abutment  of  railroad  bridge 
(Missouri  Pacific)  at  St.  Paul,  Mo.     It  is  marked  thus:  B.  a  M. 

Secondary  B.  M.  XI. — Is  cut  on  top  of  the  south  side  of  the  west  abut- 
ment of  the  Missouri  Pacific  Railroad  bridge  at  Allenton,  Mo.  It 
is  marked  thus :  B  a  M. 

B.^M. 
M3 

1882 

Fio.  2. 

Secondary  B.  M.  XII. — Is  a  cross  on  the  head  of  a  copper  bolt  inserted 
in  the  face  of  a  peri)endicular  rocky  bluff:'  about  three-eighths  of  a 
mile  west  of  South  Point  Station  (Mo.  Pac.  R.  R.).  The  bolt  was 
inserted  by  the  United  States  engineers  at  work  on  improvement 
of  Missouri  River, 

Primary  B,  M.  L3. — Is  cut  on  the  horizontal  surface  of  the  stone  ledge 
under  the  windows  of  the  east  face  of  the  German  Catholic  church 
at  Washington,  Mo,    It  is  marked  as  shown  in  fig.  1. 

Primary  B.  JjT.  M3. — Is  cut  on  the  northeast  corner  of  the  building 
occupied  by  the  "New  Haven  Merchandise  Company,''  at  New 
Haven,  Mo.  The  building  stands  a  short  distance  south  of  the 
Missouri  Pacific  Railroad  track  and  west  of  the  railroad  station. 
The  B.  M.  IS  marked  as  shown  in  fig.  2. 
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Secondary  B.  M.  XIII. — Is  cut  on  the  north  side  of  the  east  abutment 

of  railroad  culvert  (Mo.  Pac.  R.  R.)  about  one-eighth  mile  west  of 

New  Haven,  Mo.    It  is  marked  thus:  B.  d  M. 
Secondary  B,  M.  XIV. — Is  cut  on  the  top  surface  of  the  north  end  of 

the  east  abutment  of  a  small  railroad  bridge  or  culvert  (Mo.  Pac. 

K.  B.)  about  one  fourth  mile  east  of  Etlah  Station,  Mo.    It  is 

U.S. 
marked  thus :  B.  d  M. 

XIV. 

(See  route  diagi*am.) 
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Description  of  jtrimary  and  secondary  bench  marks  heticeen  ICtlah,  Mo,,  and  vicinitif  of 

Jefferson  City,  Mo. 

Secondary  B.  M.  XV. — Berger,  Frankliu  County,  Mo.  A  limestone 
post  1*7  feet  long,  rough  a*  the  bottom  and  dressed  to  6  by  6  inches 
at  the  top  to  a  depth  of  0  inches,  was  iised  as  this  B.  M.  It  is  buried 
1*5  feet  in  the  ground.  It  is  situated  on  the  west  side  of  Mrs.  M.  M. 
Schaub's  house,  close  to  the  wall  of  the  foundation  and  3*3  feet  from 
the  southwest  corner  of  the  house.  This  house  is  quite  close  to  the 
track  of  the  Missouri  Pacific  Railroad  (50  feet),  just  north  of  the  point 
where  the  main  street  of  the  village  crosses  it.  Both  corners  of  the 
stone  on  the  south  side  are  chipped  oft',  and  the  stone  appears  to  be 
rather  soft. 

Primary  B,  M.  N:,. — Hermann,  Gasconade  County,  Mo.  A  cross  cut 
on  the  northeast  corner  (east  side)  of  the  stone  ioundation  of  the 
"White  House"  hotel,  A.  C.  Leisner, proprietor,  at  Hermann,  Gas- 
conade County,  Mo.,  and  the  center  of  this  cross  was  used  as  the 
bench  mark.  The  cross  is  1-24  feet  south  of  the  corner  aiid  1*26 
feet  above  the  surface  of  the  ground.  This  bench  was  marked  as* 
U.    S. 

+ 
follows:  B.    M. 

N:, 

1888. 

Secondary  B.  M,  XVI.— Gasconade  County,  Mo.    This  bench  is  the 

bottom  of  a  square  hole  cut  in  the  top  of  the  stone  abutment  to 

the  iron  bridge  on  the  Missouri  Pacific  Eailroad  across  Coles  Creek. 

The  bridge  rests  on  a  portion  of  the  <abntment  which  is  about  4 

feet  lower  than  that  portion  where  the  bench  is  cut.    Near  the 

corner  of  the  stone  a  cross  is  cut  with  the  letters  B.  +  M. 

B.  M.  XVI  is  0*750  metre  east  of  this,  on  the  same  stone.    It  is  on 

the  east  side  of  the  creek  and  is  north  of  the  railroad.  '  Mr.  Eaffner 

lives  near  the  creek,  on  the  west  side.    The  bench  is  marked  as 

U.    S. 
follows :  D 

B.    M. 

Secondary  B.  M.  XVII. — Gasconiule  County,  Mo.    This  bench  is  the 

bottom  of  a  s(]uare  hole  cut  in  the  top  of  the  middle  stone  pier  of 

the  Missouri  Pacific  Eailroad  bridge  over  the  Gasconade  Eiver. 

U.    S. 
It  is  south  of  tlie  track  and  marked  as  follows:         o 

B.    M. 

Secondary  B.  M.  XVIII. — Gasconade  C/Ouuty,  Mo.    This  bench  is  the 

bottom  of  a  square  liole  cut  in  the  center  of  the  top  of  a  limestone 

post  which  was  set  in  the  ground  in  the  yard  of  Mr.  J.  Wolter's 

dwelling  and  storehouse  at  Gasconade  Station.    The  post  is  about 

0'7  metre  from  the  southeast  corner  of  the  house,  which  is  situated 

about  100  feet  south  of  the  Missouri  Pacific  Eailroail  and  about 

S.  Ex.  19,  pt.  2 3 
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200  ieet  west  of  the  railroad  station  house.    The  post  is  dressed  to 

0  by  0  inches  at  the  top  and  is  18  inches  long,  buried  15  inches  in 

U.    S. 
the  ground.    It  is  marked  on  top :         d 

B.    M. 

Secondary  B.  M.  XIX. — Gasconade  County,  Mo.  This  bench  is  the 
bottom  of  a  small  square  hole  cut  in  the  top  of  the  stone  founda- 
tion to  H.  Binkholter  &  Co.'s  grain  elevator  at  Morrison  Station, 
Missouri  Pacific  Railroad.  The  building  is  about  6  inches  inside 
the  outer  face  of  the  foundation,  and  the  bench  is  on  this  ledge,  near 
the  northeast  corner  of  the  building,  which  is  situated  quite  near 
the  track,  on  the  south  side.  The  stone  is  soft  and  the  letters  are 
roughly  cut;  the  bottom  of  the  hole  is  smooth.    This  bench  is 

U.    S. 
marked  as  follows:         d 

B.    M. 

Primary  B.  M.  Oj. — Chamois,  Osage  County,  Mo.  This  bench  is  tlie 
bottom  of  a  square  hole  cut  in  the  top  of  the  stone  across  the  bot- 
tom of  the  side  door  to  the  saloon  on  the  northwest  corner  of  Main 
and  Pacific  streets.  This  door  is  on  the  Pacific  street  side  and 
faces  the  railroad.  The  building  is  a  two-story  brick,  with  imita- 
tion stone  foundation.    The  bench  is  near  the  west  side  of  the  door 

TT.    S. 
and  is  marked  as  follows:         d 

B.    M. 

O3. 

1888. 

Secondary  B,  M,  XX. — St.  Aubert,  Osage  County,  Mo.    This  bench  is 

the  bottom  of  a  square  hole  cut  in  the  top  of  the  stone  abutment  of 

the  Missouri  Pacific  Railroad  bridge  across Creek,  opposite 

the  village  of  St.  Aubert.    The  bench  is  on  the  east  abutment,  and 

is  south  of  the  track.    The  letters  are  very  roughly  cut.    The  bridge 

is  about  one-fourth  mile  west  of  the  depot.    The  b(»nch  is  marked 

U.    S. 
as  follows:       D 

B.    M. 

Secondary  B.  M,  XXI. — Xear  St.  Aubert,  Osage  County,  Mo.     Is  on  the 

north  side  of  east  abutment  of  the  first  trestle  west  of  mile  post 

106  on  the  Missouri  Pacific  Railroad,  and  is  about  1  mile  west  of 

St.  Aubert  Station  and  between  it  and  Isbell  Station.    The  B.  M.  is 

a  spot  surrounded  by  a  square  trench  (about  an  inch  s<iuare),  with 

U    S 
the  letters      n      nidely  and  slightly  cut. 
B    M 

Secondary  B.  M.  XXII. — Isbell,  Osage  County,  Mo.    This  bench  is  the 

bottom  of  a  square  hole  cut  in  the  toj)  of  the  stone  abutment  of 

the  Missouri   Pacific  Railroad   bridge  over  Loose  Creek.    It  is 

on  the  east  abutment,  and  is  north  of  the  track.    It  is  situated  on 
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the  step  in  the  abntineiit  oii  which  the  bridge  rests,  and  is  about 

5  feet  below  the  track.    Near  the  corner  of  the  stone  a  cross  is 

cut,  with  the  letters  B.  M.,  thus:  B.  +  M.    This  bench  is  about 

U    S 
one-half  a  mile  east  of  Isbell  Station.     Marked  as  follows:      D 

B    M 

The  stone  is  a  soft  sandstone  and  the  letters  are  roughly  cut. 

Frimary  B.  Af,  P> — At  Bonnot's  Mill,  Osage  County,  Mo.  It  is  on  the 
northwest  corner  of  a  brick  building  used  as  a  store  and  owned  by 
Mrs.  L.  Bonnot,  and  is  on  the  limestone  block  forming  the  corner 
stone,  which  is  about  8  inches  square  at  the  end  and  projects  some 
4  inches.  The  nmrk  is  a  square  cavity  in  center  of  projection,  and 
has  on  upper  surface  U.  S.  n  B.  M.  and  on  western  face  P3. 1888. 
The  stone  is  35  paces  south  of  railroad.  The  exact  B.  M.  is  tlie 
bottom  of  the  square  cavity. 

^Secondary  B.  M.  XXIII. — This  B.  M.  is  the  surface  of  the  stone  inside 
a  square  (d)  cut  on  top  of  the  tburth  pier  (from  east  bank)  of  the 
Missouri  Pacific  Kailroad  bridge  over  the  Osage  River  at  Osage, 
Mo.  The  B.  M.  is  under  the  center  of  the  track  and  about  the 
center  of  the  top  of  the  pier. 

Secondary  B.  M.  XXIV. — This  B.  M.  is  the  bottom  of  a  square  cavity 
cut  in  the  top  of  a  stone  post  set  in  the  southwest  corner  of  Mrs. 
Rassler's  boarding  house  yard  at  Osage,  Mo.  The  stone  post  (lime- 
stone) is  dressed  to  0  by  0  inches  at  the  top  and  (J  inches  below;  it 
is  about  2  feet  long  and  is  set  22  inches  in  the  ground.    The  top  of 

U'  8, 
the  post  is  lettered  as  follows :       u    , 

|B    M 

Secondary  B.  M.  XXV. — This  is  the  bottom  of  a  s(piare  cavity  cut  in 

the  capstone  on  soutli  end  of  west  abutment  of  tirst  trestle  west  of 

mile  post  119  on  the  Missouri  Pacific  liailroad,  between  the  Osage 

U   S 
liiver  and  the  Moreau  Creek.     The  letters      D       are  placed  thus, 

B    M 

an<l  roughly  cut. 

(See  route  diagi-am,  ilhistration  No.  1.) 

Accuracy  of  the  jff^f^'^ding  reaidlH  for  heiffhfju 

The  temporary  marks  of  the  line  between  St.  TjouIs  and  New  Haven 
are  fairly  regularly  distributed,  with  an  average  distance  apart  of  1*9 
kilometres;  hence  we  may  assume  the  weights  for  these  partial  lines  to 
be  equal  and  the  probable  error  of  a  difference  of  height  of  1  kilometre 
from  a  double  measure  (here  two  simultaneous  measures)  becomes 


■„=WSi 


[•I 
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aud  the  probable  error  for  height  of  a  terminal  ixniit  at  the  distance 
S=[h]  will  be 

"  [dd\ 
4 


=0-«75^ 


These  expressions  suppose  the  two  measures  to  be  indei>endent  of 
one  another;  this,  however,  is  not  the  case  with  simultaneous  lines,  the 
condition  of  the  atmosphere  at  the  time  being  the  same  for  both,  and 
this  is  also  partially  true  of  the  condition  of  the  instrument,  so  that  the 
weight  of  results  from  two  simultaneous  lines  is  but  little  better  than 
that  for  one  line.  Exporicaice  showetl  that  in  case  of  two  simultaneous 
lines  the  above  probable  error  should  be  increased  by  its  one-fourth 
part  in  order  to  a[)proximate  to  a  more  correct  value. 

We  have  [^Z</|=69.rl  and  [x)  =  lirr2; 
hence  r,,  =  :J  0'83"""    and    a<ldiny:    one-lburth,  tin*    <x)rrected    value 
=  ±  l-04»*"",  also  r=  il.  11  •2'""'. 

In  the  line  between  New  Haven  and  vicinity  of  Jefferson  the  tem- 
porary marks  are  also  regularly  distributed,  but  oidy  O'l)  kilometre  apart 
on  the  average;  here  we  have  [(?<?] =719'9  and  [«]=84'4;  hence  r„=:  i 
0-98"""  and  r=  A-.  9-00»"». 

Also  for  first  i)art  of  line  m,z=^\     L  or  the  mean  error  of  a  single 

y  L  [8\ 

leveling  of  one  kilometre,  after  increasing  the  r  by  its  fourth  part 

W/=  db  2-l()"'"' 
and  for  second  part  /w,=  rl:  2'(H> 

The  probable  error  of  the  difference  of  height  between  ISt,  Louis  (K3J 
and  vicinity  of  Jefferson  (XXV) 

Jr  11-2  J,  9-1  =  i:  14-4"»^. 


^ 
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APPENDIX   No.   3—1893. 


PHOTOTOPOORAPHY  AS  PRACTICED  IN  ITALY  UNDER  THE  AUSPICES 
OF  THE  ROYAL  MILITARY  GEOGRAPHICAL  INSTITUTE,  AND  AS  PRAC- 
TICED IN  THE  DOMINION  OF  CANADA  UNDER  THE  AUSPICES  OF  THE 
DEPARTMENT  OF  THE  INTERIOR.  ALSO  A  SHORT  HISTORICAL  REVIEW 
OF  OTHER  PHOTOGRAPHIC  SURVEYS  AND  PUBLICATIONS  ON  THE 
SUBJECT. 


Submitted  for  pabli;'ation  Decnmber  9,  1893,  by  J.  A.  Flemkr.  Assistant. 


A  topographic  survey  of  a  large  area  or  of  an  entire  country  has 
been  and  still  is  a  very  laborious,  time-absorbing,  and  expensive  under- 
taking. Nearly  all  the  European  countries  have  such  surveys  of  a  more 
or  less  elaborate  and  detailed  nature,  which  are  the  fruits  of  ceaseless 
work,  begun  many  years  ago,  and  in  most  instances  the  topographic 
work  is  continued  to  this  day,  in  order  to  maintain  the  value  of  the 
maps,  particularly  for  military  purposes,  by  making  frequent  resurveys, 
covering  all  changes  subsequent  to  the  time  at  which  the  original  sur- 
veys had  been  completed. 

The  completion  of  a  topographic  survey  of  the  United  States,  exe- 
cuted on  a  scale  to  be  useful  for  general  purposes,  if  undertaken  now, 
could  not  be  witnessed  by  many  of  the  present  generation.  With  a 
practical  people  like  the  Americans  such  an  undertaking  would  prob- 
ably be  looked  upon  with  more  favor  if  the  generation  that  begins  this 
work  would  also  reap  some  of  the  benefits  thereof. 

The  topography  of  this  country  is  so  diversified  and  the  population  is 

so  unevenly  distributed  over  the  same  that  the  methods  to  be  employed 

for  such  a  survey  should  also  be  diversified ;  the  character  and  value  of 

the  different  sections  should  govern  the  accuracy  and  amounts  of  detail 

of  the  survey,  in  order  to  reach  the  <iuickest  yet  practically  useful  and 

valuable  results. 
Minute  and  detailed  methods,  with  ensuing  accurate  results,  should 

be  applied  to  cities  and  M  closely  settled  regions,  to  the  coast,  larger 

rivers,  and  lakes,  and  the  work  should  be  platted  on  a  large  scale.    Arid, 

barren,  and  mountainous  regions,  as  well  as  prairies  and  swam])  lands, 
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shoald  be  more  geueralized  in  tbeir  cartographic  lepresentatious  and 
platted  ou  a  small  scale. 

The  new  survey  of  Italy  demonstrates  this  ftiUy,  and  it  is  there  that 
phototopography,  the  subject  to  be  considered  in  this  pai)er,  has 
reached  a  high  state  of  perfection  ,  under  the  auspiCxCS  of  the  Military 
Geographical  Institute  of  that  country. 

Photogrammetry  proper  (or  metrophotography)  shouhl  be  applied  to 
the  art  of  taking  perspective  views  of  buildings  with  a  photographic 
camera  for  the  purpose  of  constructing  therefrom  the  elevations  and 
ground  plans  of  buildings.  It  is  used  ('hieliy  for  architectural  purposes 
(remodeling,  illustrating,  copying,  etc.). 

The  term  phototopography  should  be  generally  iwlopted  for  all  topo- 
graphic surveys  based  on  perspective  views  of  the  terrene  obtained  by 
means  of  the  camera. 

Photographic  nnrvey^  finally,  could  then  be  applied  to  all  surveys  based 
on  photographic  data  which  do  not  include  the  delineation  of  the 
terrene  (nonhypsometric  surveys). 

We  have  endeavored  to  give  in  the  following  i)age8  a  short  review  of 
the  more  important  ])hot4)giaphi<*  surveys,  and  of  some  of  the  publica- 
tion's on  i)hotogrammetry  and  [)hot<)topography,  as  well  as  a  concise 
description  of  the  general  methods  and  prin<*iples  of  phototopography 
as  practiced  in  Europe  and  in  the  Dcmiinion  of  Canada,  in  order  that 
this  branch  of  surveying  may  become  more  genenilly  known,  tested,  and 
amplified  also  in  this  country. 

SHORT   REVIEW    OF   PHOTOGRAPIIir   SURVEYS   AM)   1»TTBLI('ATI<»NS. 

In  Europe  the  possibility  of  applying  photography  for  constnu'tive 
and  surveying  i)urposes  was  recognized  many  years  ago. 

Photographs  obtained  by  aid  of  lenses  ground  specially  with  a  view 
toward  reducing  astigmatic  aberration  as  much  as  possible  and  giving 
a  uniform  extension  of  definition  and  depth  over  a  strictly  fiat  field  will 
represent  geometrically  true  pers])ectives. 

Photogrammetry,  or  metrophotogra[)hy,  is  the  art  of  ascertaining 
graphically  the  true  dimensions  of  objects  from  their  i)ers])ectives,  in 
which  the  relative  dimensions  of  the  objects  are  (ihanged  and  distorted 
(chiefly  foreshortened)  and  can  not  be  ascertained  by  direct  linear  meas- 
urements in  consequence  of  being  representetl  in  ])erspective  view  on  a 
plane  surface. 

The  study  of  constructing  geometrical  views  and  ground  plans  of 
objects  represented  in  perspective  can  be  divided  into  two  groups  oi* 
chapters. 

1.  To  construct  geometrical  plans  from  i)erspective8,  composed  of 
regular  figures  and  taken  from  points  of  view  close  to  the  objects 
thus  represented,  for  instance,  to  construct  the  elevations  and  ground 
plans  of  buildings,  machines,  and  the  like  from  photographs  taken  from 
stations  sutficiently  close  to  the  same  to  delineate  all  details.    This  art 
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may  properly  be  termed  photogrammetry  or  metrophotography ;  it  id 
of  interest  only  to  constructors,  architects,  paleologists,  artists,  etc. 

2.  The  objects  represented  in  perspective  are  of  irregular  shape  and 
at  vanous  distances  from  the  stations  or  j>oints  of  view,  like  distant 
landscapes,  and  it  is  desired  to  construct  therefrom,  graphically,  a 
topographic  map  of  the  terrene,  projected  in  horizontal  plan.  This  art 
may  be  termed  phototopography  and  it  interests  topographers,  geo- 
graphers, geologists,  explorers,  hydrographers,  etc. 

Descriptive  geometry  teaches  the  laws  whifch  are  to  be  followed 
when  representing  objects  by  drawings  on  plane  surfaces.  The  eye 
receives  the  natural  image  or  the  view  of  an  object  by  aid  of  the  rays 
of  light — termed  visual  rays — which  emanate  from  the  illuminated 
parts  of  an  object  facing  the  spectator. 

If  we  regard  the  eye  as  a  fixed  point  and  imagine  the  rays  of  light, 
emanating  from  diiferent  points  of  the  object  in  view,  intercjepted  by  a 
vertical  plane,  we  will  obtain  a  central  projection  or  a  perspective  view 
of  the  object  in  the  vertical  plane. 

Tl^e  greater  the  distance  of  the  object  from  the  eye,  the  less  great 
will  be  the  deviation  of  the  extreme  visual  rays  from  the  direction  of 
the  central  ray;  for  an  infinite  length  of  the  central  ray  all  the  rays 
will  become  parallel. 

If  the  picture  or  image  of  the  object  is  given  us  as  a  true  perspec- 
tive in  a  plane,  we  can,  inversely,  constrm^t  therefroin  a  geometrical 
projection  of  the  object  in  a  plane  placed  at  right  angles  to  the  picture 
plane,  if  we  know  the  distance  and  relative  ])osition  of  the  point  of 
view  with  reference  to  the  picture  plane,  and  if  we  have  views  taken 
from  a  sufficient  number  of  stations  in  spai^e  to  envelop  the  irregu- 
larly formed  object  in  question. 

Regarding  a  photograph  as  a  geometrically  true  perspective,  photo- 
grammetry will  be  the  art  of  reconstructing  geometrical  horizontal 
projections  from  given  perspective  views. 

The  theoretical  fundamental  principles  upon  which  such  reconstruc- 
tions rest  were  known  to  Lambert  in  1759,  but  the  first  practical 
application  of  the  same  was  made  by  the  celebrated  French  savant 
and  hydrographer,  Beantemps-Beaupre,  while  on  a  scientific  expedi- 
tion during  the  years  171>1  to  1793.  Although  the  camera  had  not  yet 
been  invented,  it  is  said  that  Beautemps-Beaupr^  was  an  expert 
sketcher,  and  he  made  jierspective  drawings  and  sketehes  of  coast 
regions  while  on  that  expedition,  from  which,  at  a  later  period,  he 
constnicted  topographic  maps  of  a  part  of  Van  Diemen's  Land  (now 
Tasmania)  and  of  the  island  of  Santa  Cruz.  Notwithstanding  Beau- 
temps  Beaupro's  frequent  allusions  to  the  feasibihty  of  this  method  of 
making  reconnaissance  surveys  and  topographic  maps,  nothing  more 
was  accomplished  until  Laussedat,  major  in  the  French  army,  took  the 
study  ot  this  subject  up  in  18.>0,  using,  however,  the  camera  to  obtain 
the  perspectives. 
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In  1839,  shortly  after  ])aguerre  had  presented  his  memorial  upon 
photography  to  the  Aeademy  of  Sciences  in  Paris  through  Arago,  the 
latter  called  attention  to  the  possibilities  of  photography  in  the  Cham- 
ber of  Deputies,  where  he  said : 

*  -  ■'  XouH  poiirrious,  par  exeiuplt;,  ]>urler  cle  (|uel(iueH  \d6e6  qii'on  a  en  8nr  leo 
moyenn  rapicleH  dMnvestigatinn,  r|ii(^  le  topo<;raplie  poiirru  ompniut^^r  a  la  photo- 
graph ie. 

Gay-Lussac  similarly  called  attention  to  the  probable  adaptability  of 
photography  to  topographic  surveys. 

In  1858  T/hevallier  had  an  instniment  patented  which  he  (tailed  a 
"plauchett^  photographique."  This  photogra])hic  plane  table  is  men- 
tioned and  described  by  Alophe  (1861),  d'Abbadie,  Bate  (18()2),  Jonart 
(1860),  Tronquoy,  etc.  * 

Jouart,  Wiganowski,  Bate,  and  others  also  made  practical  tests  and 
topograi)hi(*  surveys  with  Chevallier's  photographic  plane  table. 

Captain  Cannette  used  the  sextant  and  photographic  camera  U)  make 
topographic  surveys,  chiefly  of  fortifications. 

In  1851  Laussedat  constructed  a  "  camera  clara,-'  which  in  1858  was 
superseded  by  the  '*  camera  obscura"  with  additional  improvements  for 
surveying  purposes,  by  Reynault.  Laussedat,  as  ^*  chef  du  genie  corps," 
made  numerous  experimental  surveys  and  studies  with  Keyuault's 
improved  "camera  obscura,"  partly  on  his  own  behalf  and  partly  under 
the  direction  of  the  French  ministry  of  war.  He  also  was  the  first  to 
make  topographical  surveys  with  the  aid  of  balloon  photography. 
During  the  years  1863  to  1870  he  had  the  assistance  of  Captain,  now 
Commandant,  Javary,  who  improved  the  French  phototheodolitc  and 
made  exi)erimental  surveys  in  the  mouTitains  of  the  Dauphine  and 
Savoie,  in  the  Vosges,  and  in  Alsatia.  The  first  practical  survey  of  a 
more  extended  character  ma<le  with  the  aid  of  photography  in  France 
was  made  by  Laussedat  in  1801,  when  he  mapped  a  i>ortion  of  Paris 
and  also  the  town  of  (Irenoble  under  the  auspices  of  the  ministry  of 
war.  The  area  covered  by  this  survey  was  0-4  square  mile;  the  field- 
work  consumed  sixty  hours,  and  the  office  work  was  accom]>lished  in 
two  months. 

Pujo  and   Fourcode  published   an  article  in  Les  Mondes,  18(>o,  on  * 
"  Goniom^trie  photograph ique." 

Other  publications  in  French  are: 

Comptes  Kendus  de  T Academic  des  Sciences,  Paris,  XLIX.  1859;  L, 
1860;  LI,  I860;  LIX,  1864;  1885  and  111,  p.  729-732,  1890. 

Magasin  Pittorestpie,  XXIX,  1861. 

Annales  du  Conservatoire  National  de«  Arts  et  Metiers,  2*"  s^rie, 
IV,  1892. 

Comptes  liendus  du  Congres  de  Pan  et  Bevue  Scientifique  de  1892. 

"Elements  de  Photogrammetrie,"  in  Bulletin  de  la  Soc.  d'l^ditions 
Scient.,  Paris,  1891,  by  V.  Legros. 

Application  de  la  Photographic  i\  la  Topographic  Militaire,  par  E. 
Pate,  1862. 
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Memorial  do  I'Officier  du  G4nie,  No.  UK  1*^54;  No.  17,  1864;  No.  22, 
1874. 

Bulletin  de  la  Soci6t6  de  G^ograpliie  de  Paris,  Dec.  1862. 

Application  de  la  Pliotoj^apbie  anx  Levers  Militaires,  par  A.  Jouart, 
1866. 

La  Photogiaphie  Appli(|nee  aux  Etudes  Gi^ographiques,  i)ar  Jules 
Girard,  1872. 

Be  la  Photographic*  et  ses  Applications  aux  Hesoins  de  TAvmee,  par 
Fl.  Dumas,  1872. 

La  Photograph ie  Appliquee  au  Lever  des  Plaus,  par  »I.  Bornecque, 
1886. 

La  Photographic  dans  les  Armees,  par  Alfred  Hanot,  1875. 

La  Photographic  sans  Objeetif,  par  11.  (Jolson,  1887. 

La  Nature  (Paris). 

La  Revue  d'Artillerie  (Paris). 

Bulletin  de  la  Societe  Fraucaise  de  Photograi)hie  (Paris). 

Les  Levers  Photographiques  et  la  Photographic  en  Voyage,  par  le 
Dr.  (lustave  Le  Bon,  1889. 

Annales  du  Conservatoire  des  Arts  et  Metiers,  fidouard  Monet :  Priu- 
cipes  Fondamentaux  de  la  Photogrammetrie,  published  by  La  Soci6te 
d'l'^ditions  Scientifiques,  No.  4  Rue  Antoine- Dubois,  Paris. 

In  recent  years  the  French  ministry  of  war  has  had  numerous  experi- 
ments made  with  balloon  surveying  (using  both  the  captive  and  free 
balloon),  balloon  photography  being  better  adapted  for  military  and 
secret  surveys. 

France  had  an  exhibit  at  the  World's  Columbian  Exposition  in  Chi- 
cago, 1893,  showing  photographic  instruments  and  specimens  in  illus- 
tration of  topographic  and  astronomical  results,  gained  chiefly  under 
the  direction  of  Col.  A.  Laussedat  and  taken  from  the  collection  of  the 
Conservatoire  National  des  Arts  et  Metiers,  in  Paris,  of  which  Bureau 
Col.  A.  Laussedat  is  the  director. 

The  first  German  publication  bearing  on  this  subject  is  probably  the 
article  in  Horn's  Photographische  Mittheilungen,  April,  1863,  being  a 
German  translation  of  A.  Laussedat's  explanations  and  descriptions, 
as  given  by  him  on  January  9, 1863,  in  a  meeting  of  the  French  Photo- 
graphic Society. 

Dr.  A.  Meydenbaur's  first  publication  on  this  subject  is  in  the  June 
edition  of  the  Photographische  Mittheilungen  of  1863,  where  he  uses 
the  term  *^pbotometrography,"  which  was  subsequently  changed  into 
*'  photogrammetry.'' 

Vogel  published,  in  the  March  number  of  the  same  magazine  for  1866, 
an  article  on  the  use  of  Johnson's  photographic  instrument  for  making 
topographic  surveys,  showing  the  method  of  obtaining  horizontal  and 
vertical  angles  from  the  perspectives. 

Ev^er  since  Dr.  Meydenbaur  first  became  interested  in  this  method 
he  endeavored  to  iuterest  German  private  and  Government  surveyors 
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in  pliotograminetry.  He  has  been  recently  appointed  director  of  the 
Photogrammetriciil  Institute  in  Berlin,  founded  by  the  Prussian  Gov- 
ernment as  a  branch  bureau  of  the  ministry  of  culture.  May  4, 1893, 
Dr.  Meydenbaur  (royal  counsilor),  gave  a  lecture  on  metrophotog- 
raphy,  or  photogrammetry,  in  the  ministerial  building,  under  the  aus- 
pices of  Mr.  Bosse,  minister  of  culture. 

Although  this  photogrammetrical  institute  was  founded  several  years 
ago,  no  official  publications  or  reports  have  been  issued  yet  to  the  public. 

Professor  Jordan,  Dr.  Doergens,  Dr.  Stolze,  Dr.  Vogel,  and  Dr.  Hauck 
have  done  much  toward  popularizing  the  photographic  methods  of  sur- 
veying in  Germany  and  Austria. 

Professor  Jordan  published  a  treatise  upgn  ''The  application  of  pho- 
tography for  geometrical  representations"  in  the  Zeitschrift  fiir  Ver- 
messungswesen,  1876,  Heft  2,  Bd.  V,  and  he  points  out  the  future 
importance  of  photogrammetry  in  his  closing  remark:  ''Photogram- 
metry can  be  applied  with  the  greatest  advantage  in  certain  eases,  e.  g., 
for  the  survey  of  inaccessible  mountain  groups  and  ranges,  on  scientitic 
expeditions,"  etc. 

The  first  attempt  at  a  photogrammetric  survey  in  Germany  was  made 
under  the  direction  of  the  Prussian  ministry  of  war  and  commerce  in 
L8G7,  when  a  survey  of  the  town  of  Freiburg  and  also  an  architectural 
survey  of  the  cathedral  in  Freiburg  were  made.  The  fieldwork  was 
continued  through  four  days  and  the  area  surveyed  comi)rised  about 
0*04  square  mile.  The  office  work  for  the  construction  of  the  map  con- 
sumed three  weeks,  while  it  took  one  week  to  draw  the  ground  x)lan, 
one  side,  and  one  front  elevation  of  the  cathedral. 

During  the  Franco- Prussian  war  i)hototopography  was  called  into 
service  by  the  German  army,  and  a  detachment  of  the  engineer  corps, 
under  Dr.  Doergens  (later  professor  of  geodesy  in  Berlin),  was  formed 
to  obtain  certain  distances  about  the  city  of  Strasburg  with  the  aid 
of  a  camera,  during  the  siege  of  that  city.  This  detachment  made 
a  map  on  the  scale  of  1  to  25,(MK)  of  the  besieged  front  of  the  city. 
However,  the  result  was  not  utilized  by  the  army,  the  city  having  capit- 
ulated before  the  map  was  fully  platted. 

Professor  «Jordan,  as  member  of  Rohlf's  African  exploring  expedi- 
tion in  1873-74,  made  a  phototopographic  survey  of  the  Oasis  Gassr 
Dachel  in  the  Libyan  desert. 

In  1874  Dr.  Stolze  used  a  Meydenbaur  camera- theodolite  to  make  a 
survey  of  the  ruins  of  Persepolis,  and  also  an  architectural  survey  of 
the  mos([ue  of  Djumalit,  in  Shiraz,  Persia. 

In  1885  the  students  of  the  technical  high  school  in  Berlin,  under 
direction  of  Professor  Pietsch,  used  two  instruments  specially  con- 
structed to  obtain  views  also  under  an  inclined  position  of  the  optical 
axis  of  the  camera.  They  obtained  satisfactory  results  from  various 
ascensions  made*  in  a  free  balloon,  as  well  as  from  views  taken  on  the 
ground  for  architectural  purposes. 
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Photography  has  also  not  ouly  found  practical  application  in  topo- 
graphical surveys  of  Austria,  principally  in  Steiermark  and  ICMrnten, 
but  the  art  of  phototopography  has  made  rapid  strides  in  gaining 
public  favor  in  that  country',  owing  to  the  treatises  and  works  pub- 
lished on  this  subject  by  Pollack,  Hoflferl,  Steiner,  and  others,  as  well 
as  to  recent  improvements  in  the  instruments. 

The  following  are  the  principal  publications  in  (merman  on  photo- 
graphic surveying: 

Photographisches  Archiv,  Septr.,  1865. 

Zeitsclir.  fiir  Bauwesen,  1867. 

Archiv  tiir  die  Offiziere  des  k.  preuss.  Artillerie-  und  Ingenieur-Oorps, 
Bd.  (»,  18(W^. 

Deutsche  Bauzeitung,  1872. 

Zeitschr.  f.  Vermessungsweseii,  Heft  23  and  24, 1887.  * 

Journal  fiir  die  reiiie  und  angewandte  Mathematik,  Bd.  95. 

Das  Licht.  S*.  (t.  Stein.  Ueft  5,  1887.  (Photogrammetrie,  von  V. 
Stolze.) 

Lechner's  Mittheilungen  aus  dem  (iebiete  der  Photographic  und 
Kartographie.     R.  Lechner,  Graben  31,  Wien. 

Dr.  0.  Koppe :  Die  Photogrammetrie,  oder  Bildmesskunst.  Weimar, 
1889. 

V.  Pollock:  Die  photograph ischen  Terrainaufnahmen  mit  Beriick- 
sichtigung  der  Arbeit  in  Steiermark.    K.  Lechner,  Wien,  1891. 

V.  Pollock:   Photogrammetrie  und  Phototopographie.     Mittheilun- 

« 

gen  der  k.  k.  geogr.  Gesellsch.,  1891  (pages  175-195),  Wien. 

Fr.  Steiner:  Das  Problem  der  fiinf  Punkte,  eine  Anfgabe  der  Pho- 
togrammetrie, 1891.  Wochenschr.  d.  iistr.  Ing.-  und  Archt.-Vereins 
(pages  214-217). 

Fr.  Steiner:  Die  Photographic  im  Dienste  des  Ingenieurs.  Ein 
Lehrbuch  der  Photogrammetrie.     11.  Lechner,  Wien,  1891. 

Fr.  Schift'ner:  Die  photographische  Messkunst,  oder  Photogi*am- 
metrie,  Bildmesskunst  und  IMiototopographie.  Wilhelm  Knapp,  Halle 
a.  S.,  1892. 

Dr.  A.  Meydenbaur:  Das  photographische  Aufnehmen  zu  wissen- 
schaftlichen  Zwecken,  ins  besondere  das  Messbildverfahren.  Unte's 
Verlags-Anstalt,  Berlin,  1892. 

Gustav  Fritsch,  in  Dr.  G.  Neumayer's  Anleitung  zu  wissenschaft- 
lichen  Beobachtungen  auf  Eeisen.    Robert  Opi>enlieim,  Berlin,  1888. 

Fr.  Schift'ner :  ITeber  die  photogrammetrische  Aufnahme  einer  Kiiste 
im  Vorbeifahren.  Mittheilungen  aus  dem  Gebiete  des  Seewesens, 
1899,  pages  412-417. 

F.  Flatfe^il :  Ueber  Photogrammetrie.  Vortrag.  Wochenschrift  des 
ostr.  Ing.-  u.  Archit.-Vereins,  1890,  pages  199-203. 

V.  Pollock:  Ueber  Anwendnng  der  Photogrammetrie  im  Hochge- 
birge.  Yortrag.  Wochenschrift  d.  ostr.  Ing.-  u.  Archit.- Vereins,  1890, 
pages  207-209. 
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Yolkmer:  Das  Wesen  der  Pliotogramnietrie.  Wochenscliriffc  des 
ostr.  Ing.-  u.  Arcliit-Vereiiis,  Vol.  XIV,  page  157. 

Jordan:  Veriuessungskunde.  II.  Feld-Laiidmessen.  Metzler'ftche 
Verlagsbuchhaudlung,  Stuttgart,  1893. 

lu  Italy  we  tiiid,  as  previously  mentioned,  tbat  pbototoi>ography  has 
been  brought  to  a  high  state  of  i)erfeetion  in  recent  years. 

Porro  si)ent  much  time,  labor,  and  energy  in  perfecting  photography 
as  applied  to  tachymetry  and  topography.  The  results  of  his  labors 
were  published  in  II  Politecnieo,  Vols.  X  and  XI,  under  '^  Applicazione 
della  Fotografia  alia  Geodesia,"  1853,  Saldiui,  Milano.  Porro's  instru- 
ments have  all  been  preserved  by  Salmairaghi,  director  of  the  Poly- 
technic Institute  at  Milan,  of  which  Porro  was  a  member. 

In  1875  Manzi  Michele,  officer  of  the  Military  Geographical  Institute 
of  Italy,  utilized  some  photographic  views  of  the  '^Abruzzi"  to  supple- 
ment his  x^lane-table  survey  of  the  ^*Gran  Sasso."  In  187(J  the  same 
officer  continued  the  practical  application  of  photography  for  the  topo- 
graphical survey  of  "Mont  Cenis''  (Bart  Glacier). 

The  Military  Geographical  Institute  then  «iecided  to  suspend  all  pho- 
tographic work  indefinitely,  as  many  maintained  that  ])hotographical 
data  for  topographic  purposes  were  unreliable. 

In  1878  General  Ferrero,  chief  of  the  geodetic  department  of  the' 
institute,  called  the  attention  of  the  directory  of  the  institute  to  the 
desirability  of  resuming  the  studies  in  photogrammetry ;  and  in  the  same 
year  L.  P.  Paganini,  engineer  geographer  of  the  institute,  was  com- 
missioned to  i^roceed  to  the  Alps,  near  Apua,  to  resume  the  studies  in 
photography  applied  to  topograi)hic  surveys,  with  a  view  to  ascertain 
whether  phototopography  was  economical  and  expedient  for  ])ractical 
work. 

During  Paganini's  first  season  he  obtained  17  cycloramic  views,  com- 
posed of  110  perspectives.  A  number  of  these  perspectives  were  used 
to  construct  a  map,  in  Florence,  on  a  scale  of  I  to  25,000,  of  the  marble 
quarries  at  Colonnata  (Carrara),  with  hypsometric  contours  in  intervals 
of  5  metres. 

In  1879  Paganini  (using  bromo-gelatin  plates  instead  of  wet  plates, 
as  heretofore,  also  having  improved  the  camera  theodolite)  surveyed 
the  Serra  delP  Argentera,  which  was  platted  on  a  scale  of  1  to  25,000, 
with  contours  in  10  metres  intervals.  This  survey  was  based  upon 
panoramic  views  obtained  from  fifteen  stations,  on  elevated  points, 
comi^rised  113  perspectives,  «aud  was  the  result  of  a  field  season  of  two 
months  and  a  half.  Also,  this  map  was  constructed  in  Florence  during 
the  following  winter,  and  it  represents  an  area  of  28  square  miles.  The 
contours  were  controlled  by  490  points,  the  elevations  of  which  had 
been  ascertained. 

In  1880  the  same  officer  commenced  the  survey  of  the  area  bounded 
by  the  valleys^ of  the  Oreo,  the  Valsoana,  the  Cogne,  and  the  A'^alsava- 
ranche,  representing  an  area  of  about  380  square  miles.  The  survey  of 
this  area  was  finished  in  1885. 
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However,  since  1884  Paganini  used  an  improved  instrument,  made 
by  Galileo  for  the  institute  after  plans  submitted  by  Paganini.  He 
also  invented  three  instruments  which  greatly  facilitate  and  accelerate 
the  otherwise  tedious  graphic  operations  of  the  map  construction  from 
the  perspectives,  and  which  will  be  described  later  on. 

Paganini's  results  proved  the  efficiency  of  phototopography  for  Alpine 
work,  to  be  j)latted  on  a  scale  of  1  to  25,000  or  1  to  50,000,  and  the  tech- 
nical solution  of  the  problem  has  been  fully  established.  Owing  to  the 
untiring  effortsof  the  officers  of  the  Military  Geographical  Institute,  and 
the  good  results  which  they  obtained,  phototojwgraphy  has  been 
adopted  as  an  auxiliary  to  the  plane  table  for  the  new  survey  of  Italy. 

In  a  more  recent  report  on  phototopjographic  work  by  Paganini  to 
the  first  geographical  congress  in  Italy,  he  described  his  latest  improve- 
ments to  the  camera  theodolite.  An  extract  from  this  rei)ort,  made  by 
Fenner,  can  be  found  in  the  Zeitschr.  f.  Verm.,  189.']. 

A  German  translation,  by  A.  Schepp,  of  I^aganini's  '*  La  fototopo- 
gratia  in  Italia"  <;an  be  found  in  the  same  periodical  for  1891  and  1892. 

C.  W.  Verner,  "  Xotes  on  military  toiKjgraphy,"  1891.  Also,  Mechan- 
ics, Vol.  II,  p.  108,  ''Application  of  photography  to  surveying." 

A  short  article  on  photogi'ammetry  has  also  been  published  by  Henry 
A.  Eeed,  lieutenant,  United  States  Army, ''  Toi)ographical  drawing  and 
photography  applied  to  sui'veying."  Another  work  in  English  has  been 
issued  by  Allen,  in  London. 

Civil  and  Military  Photogi*ammetry  (read  before  the  American  Phil- 
losophical  Society,  May  6,  1892),  by  li.  Meade  Bache,  assistant,  United 
States  Coast  and  Geodetic  Survey. 

The  following  works  are  very  explicit  and  full  of  details: 

Photography  Applied  to  Surveying,  by  Lieut.  Henry  A.  Eeed,  United 
States  Army.    John  Wiley  &  Sons,  15  Astor  place,  1889. 

Photographic  Surveying,  by  E.  Deville,  surveyor-general,  Canada. 
Ottawa,  1889.  This  work,  unfortunately,  is  out  of  print.  Only  a  lim- 
ited number  of  copies  had  beeu  printed,  chietiy  to  supply  the  Dominion 
land  surveyors. 


INTRODUCTION. 


Toi>op:raphy  (description  of  locality)  serves  to  represent  and  describe, 
in  horizontal  plan,  limited  areas  of  the  earth's  surface,  showing  vertical 
and  horizontal  distances  (the  relief)  between  points  of  the  area  thus 
represented.  On  every  topographic  map,  therefore,  the  characteristic 
lines  and  forms  of  the  terrene,  including  natural  objects  which  appear 
on  the  earth's  surfac^e,  must  be  recognizable  with  more  or  less  minute 
detail,  according  to  the  scale  and  purpose  of  the  map. 

Grenerally  speaking,  the  scales  of  topographic  ma])s  vary  from  1 
to  10,000  to  1  to  200,000.  On  a  larger  scale  than  1  to  10,000  such  maps 
are  chiefly  used  for  constructive  (engineering)  purposes;  they  show  all 
artificial  as  well  as  natural  objects  on  the  earth's  surface,  and  they  are 
the  result  of  special  surveys  for  special  purposes. 

Maps  on  a  smaller  scale  than  1  to  200,000  are  designated  as  geo- 
graphic maps.  Their  topography  is  generalized  to  show  only  promi- 
nent and  characteristic  features  (mountain  ranges,  valleys,  plateaus, 
seas,  lakes,  rivers,  etc.). 

The  topographer  inspects  the  area  U>  be  mapped  and  intuitively  sep- 
arates characteristic  features  from  minor  detail.  He  immediately,  on 
inspection, recognizes  what  is  to  be  shown  on  tlie  map,  and  consequently 
embodies  only  such  topographic  features  of  the  terrene  as  will  har- 
monize with  the  x)ower  of  representation  of  the  adopted  scale  for  the 
work.  It  is  useless  to  locate  featnres  dnring  the  instrunumtal  survey 
which  are  too  small  to  be  represented  on  the  scale  of  the  map.  An 
expert  toi)ographer  will  make  a  topographi<*  map  of  a  given  area  in 
the  least  time  ne<*essary,  yet  show  all  characteristic  features  that  can 
be  drawn  and  represented  in  harmony  with  the  scale  of  the  map. 

After  a  system  of  triangiilation  has* been  extended  over  a  country 
and  the  topographic  details  of  the  same  area  have  been  gathered  by 
a  series  of  photographic  panorama  views,  taken  from  these  trigono- 
metric stations,  and  supplemented,  where  needed,  by  views  taken  from 
other  points  (the  latter  to  be  subsequently  connected  with  the  triangu- 
lation  by  resecting  or  otherwise),  an  experienced  topographic  drafts- 
man can  select  all  characteristic  topographic  featnres  from  such 
photographs,  for  mapping  purpose  s,  with  the  same  good  result  as  the 
46 
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topogr{«p]ier  would  select  them  in  nature  from  the  same  area,  as  shown 
in  the  photographs,  were  he  to  draw  the  map  in  the  field  (plane-table 
method). 

If  by  a  simple  graphic  method  such  selected  characteristic  points 
on  the  photographs  can  be  platted  upon  the  map,  a  great  deal  would  be 
gained  in  the  survey  of  certain  regions  and  under  certain  conditions 
toward  a  saving  of  time  and  money,  compared  with  the  instrumental 
methods  of  topographic  surveying  as  generally  in*acticed.  At  present 
phototopography  can  not  replace  instrumental  tox)ography ;  still,  experi- 
ence in  Italy,  France,  Canada,  Austria,  and  (xermany  has  proven  it  to 
be  a  very  valuable  adjunct  to  the  plane  table  and  transit  for  topo- 
graphic surveys  of  rugged  mountainous  regions,  if  they  are  not  too 
wooded. 

The  following  description  of  photographic  instruments  and  methods 
is  chiefly  a  condensed  extract  from  the  previously  mentioned  article 
printed  in  the  Eivista  di  Topografta  e  Catasto,  1889,  by  L.  P.  Paganini, 
engineer  of  the  Eoyal  Italian  Military  Geographical  Institute,  followed 
by  a  description  of  instruments  as  used  and  methods  as  practiced  in 
Canada,  with  a  short  reference  to  German,  French,  and  Austrian 
instruments. 


('HAPTER    1. 

THE  PHOTOGBAMMETRIC  APPARATLTS— PRINCIPAL  COMPONENT  PARTS 

OF   THE  PEB8PECTIVKS. 

Figure  A  shows  Pagiuiini's  Italian  ])hotograin metric  apparatus.  It 
has  a  tripod  which  can  be  dismembered  into  three  *' alpenstocks '' 
Ay  Ay  and  Ay  a  theodolite,  and  a  camera  C,  All  three  parts  can  be 
firmly  uuitM  by  means  of  8i)iral  sjmngs  and  screws. 

The  three  screws  S\  of  the  tripod  head  JT  (but  two  shown  in  draw- 
ing) support  the  theodolite,  and  the  camera  C  is  supported  by  another 
set  of  three  screws  S['^  *SV,  and  »SV,  which  an»  connected  with  the  hori- 
zontal limb  of  the  theodolite  in  such  a  manner  that  the  camera  can  be 
revolved  about  the  vertical  axis  of  the  theodoHte. 

A  spirit  level  Fj  and  telescope  T  are  supported  by  an  upright  piece 
Cfy  placred  at  right  angles  to  the  horizcmtal  limb  of  the  theodolite  and 
at  one  side  of,  but  close  to,  the  camera. 

The  telescope  T  is  ])rovided  with  two  cross  hairs  (one  vertical  and 
the  other  horizontal),  in  the  usual  adjustable  manner.  The  camera  box 
is  made  of  hardened  ])asteboards,  which  are  stiffen(*d  by  a  metal  skele- 
ton casing  B.  The  camera  is  provided  with  an  aplanatic  objective 
(antiplanet),  made  by  Steinheil,  the  focal  length  of  which  is  244'5"»'" 
and  the  aperture  in  the  diaphragm  has  a  diameter  of  5""". 

Begarding  the  general  arrangement  of  the  (*amera,  it  may  be  said 
that — 

1.  The  optical  axis  of  the  photograi)hic  lens  (objective)  is  vertical  to 
the  image  plate  J. 

2.  The  intersection  O  of  the  optical  axis  and  image  plat^  f  is 
marked  on  the  latter  by  the  point  of  intersection  of  two  very  fine  plati- 
num wires  jpi  and  p^y  placed  at  right  angles  to  each  other  and  very 
near  the  image  plate  7;  when  in  adjustment  one  j[>i  of  these  tine  wires 
is  horizontal  and  the  other  |>2  vertical. 

The  optical  axis  of  the  camera  can  be  adjusted  in  horizontal  plane  by 
means  of  the  three  milled  head  screws  Si\  /^Sz',  and  S^  which  sujiport 
the  camera.  The  horizontal  wire  pi  is  adjusted  (after  the  instrument 
has  been  carefully  leveled  u]))  in  horizontal  plane  by  finding  some 
easily  identified  point  on  the  ground-glass  plate  J,  which  is  bisected 
by  this  wire,  and  by  gently  revolving  the  camera  about  the  vertical 
axis  of  the  instrument;  if  the  wire  pi  is  in  horizontal  plane,  the 
observed  point  will  be  se^n  to  move  along  pi  during  the  revolving 
motion  of  the  camera.    Should  the  bisected  point  appear  above  or 
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below  the  wire  pi  at  any  time  during  the  revolution  of  the  camera,  the 
same  must  be  adjusted  in  horizontal  plane  by  aid  of  the  two  forward 
screws  /S/  and  /S^'  which  support  the  camera. 

The  camera  is  provided  with  a  short  tangent  screw  f,  by  means  of 
which  the  same  can  be  slightly  moved  in  azimuth,  while  the  telescope 
and  horizontal  limb  of  the  theodolite  remain  stationary.  This  will 
enable  the  observer  to  place  tlie  optical  axis  of  the  camera  parallel  to 
that  of  the  telescope  T,  provided  both  are  adjusted  in  horizontal 
plane.  This  correction  is  made  by  observing  soine  distant  point  in 
the  intersection  of  the  cross  wires  of  the  telescope  and  then  clamping 
the  theodolite.  The  camera  is  now  moved  by  means  of  the  tangent 
screw  t  to  the  right  or  left  until  the  same  point  ai)pears  in  the  inter- 
section 0  of  the  two  wires  pi  and  ;>.>,  it  being  already  bisected  by  the 
camera  wire  7)1,  as  described  in  the  preceding  adjustment. 

The  points  of  the  camera  cross  wires  pi  and  pz  appear  upon  every 
plate  taken  with  the  camera,  and  as  these  plates  are  vertical  to  the 
optical  axis  of  the  camera,  the  perspectives  obtained  after  the  camera 
had  been  adjusted,  as  described  in  the  preceding  paragraphs,*  are  in 
vertical  plan  and  each  shows  the  principal  point  of  view  0,  as  well  as 
the  two  axes,  pi  and  Pi,  intersecting  each 
other  in  O  at  right  angles.  The  line  pi  rep- 
resents the  horizon  of  the  station  whence  the 
picture  was  taken. 

Instead  of  the  fixed  platinum  wires  pi  and 
P2y  some  recent  instruments  (among  otheis 
those  used  in  Canada)  have  a  set  of  teeth 
attached  to  the  camera,  close  to  the  plate  /, 
as  shown  in  figure  1 .  If  solar  prints  are  used 
for  the  map  construction  instead  of  the  plates, 
this  arrangement  is  more  desirable  than  that  of  the  fixed  wires,  as  the 
prints  will  unavoidably  be  a  little  distorted.  The  lines  pi  and  p2  are 
preferably  drawn  in  red  ink  on  the  prints  after  their  positions  in  regard 
to  the  teeth  have  been  experimentally  ascertained  or  checked.  Great 
care  must  be  exercised  in  locating  these  lines  properly,  as  they  form 
a  rectangular  system  of  coordinates  to  which  every  point  in  the  pictnire 
is  referred  during  the  process  of  the  subsequent  map  construction.  They 
also  aid  in  ascertaining  the  value  of  the  constant  focal  length  of  the 
camera. 

Figure  2  shows  the  longitudinal  section  of  a  camera  with  the  dia- 
phragm AB  in  position,  the  aperture  of  which  is  5"'"»  in  diameter. 
Only  such  rays  of  light,  emanating  from  a  point,  J>r,  in  nature,  will  reach 
the  point  n  on  plate  I  which  form  a  cone  around  the  central  ray  nON 


Fio.  1. 


*  After  a  perspective  has  been  taken  and  it  appears  desirable  to  obtain  a  view  of 
the  terrene  immediately  l)elow  (or  above)  the  same,  the  couHtrnction  of  the  instru- 
ment will  permit  a  depression  (or  an  elevation)  of  the  optical  axis  of  30^  below  (qt 
above)  the  horizon. 

S.  Ex.  19,  pt.  2 \ 
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with  apex  in  n  and  base  in  0  of  5™™  diameter.  (In  our  diaprram,  figure 
2,  this  base  will  be  an  ellipse  with  5"*™  length  for  the  short  axis;  the 
cone  of  rays  emanating  from  a  point,  C,  would  be  intercepted  by  the 
plane  of  diaphragm  AB  in  a  circle  of  5'"">  diameter.)  The  camera  lenses 
are  so  focused  that  even  for  the  largest  diaphragm  aperture  used  all 


N 
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points  from  10  metres  to  infinite  distance  from  O,  will  be  clearly  photo- 
graphed with  a  maximum  error  of  6""",  as  will  readily  be  seen  from 
the  following  discussion: 

a=distance  of  object  from  0  (10  metres  to  infinite  distance). 

/=principal  focal  distance  (240™'"). 

2)=focal  distance,  variable  for  different  lengths  of  a. 

Prom  the  well-kno\vn  relation: 


we  find 


l_i     1 


/>= 


(1) 


By  adopting  240™™  as  value  for  /,  and  substituting  different  values, 
from  1  metre  to  300  metres,  for  a,  in  formula  (1),  we  obtain  the  fol- 
lowing values  for  &  ; 

a  (in  m.)  —  1    10    20    30    40    50    75   100   200   300 
6  (in  mm.)  =315-8  2459  242.9  2419  211-4  2411  £40-7  2405  240-2  24002 


tram 


The  error,  therefore,  in  maintaining  the  focal  distance  constant  is  6"  , 
if  the  object  is  10™  distant  from  the  image  point;  is  1™™  if  the  object  is 
50-100™  distant  from  the  image  point;  is  inappreciable  if  the  object  is 
300™  or  more  distant  from  the  image  point. 


X 


The  value  n  of  the  error  (distortion),  maintaining  a  constant  focal  dis- 
tance =  240™™  in  the  photograph  for  points  at  different  distances,  can 
be  seen  from  the  following: 

Assuming  again  that  the  plate  I  is  held  in  a  fixed  position  and 
200™™  distant  from  the  "image  point"  (principal  fo(*us),  it  is  evident 
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that  the  plane  of  imago  /  will  iutersect  some  of  the  cones  of  rays 
(passing  through  aperture  of  diaphragm)  in  a  circle  (or  in  an  ellipse) 
instead  of  intercepting  their  apex.  From  the  foregoing  table  we  see 
that  this  circle  of  dittused  rays  will  increase  in  size  with  the  decreasing 
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distance  of  the  object  photographed.  The  length  of  the  diameter,  Xj  of 
this  circle  (or  ellipse)  can  be  ascertained  from  the  following  relation 
(fig.  3): 

X :  0=f:  a 
JO 


X= 


a. 


If  we  assume  this  aperture,  O,  in  the  diaphragm,  to  be  5""»  in  diame- 
ter, and  assume  the  same  values  for  /  and  a  as  in  the  preceding,  we 
find  the  respective  values  for  x  as  follows: 


a  (in  tn.)     =10       20       30       40         r>0         75        100        200       300       400       500       700       1000 
a?  (in  mm.)  ^012    006    0-04    00:J    0-025    0-01«    0012    0006    0004    0003    0-003    0-002     0001 

The'diameter,  x,  of  the  circle  (or  ellipse)  is  evidently  quite  small,  and 
the  maintaining  of  a  constant  focal  distance  can  be  well  carried  out  for 
all  practical  purposes  without  appreciable  error.* 

*  The  apparatus  described  in  this  paper  is  provided  with  a  metal  graduation  plate, 
extending  in  the  direction  of  the  camera  axis,  and  bearing  a  scratch  to  mark  the 
focal  length  of  the  camera  when  focused  upon  objects  nt  intinite  distance.  From 
this  scratch,  toward  the  sensitive  plate  of  the  camera,  a  millimetre  graduation  is 
engraved  upon  the  plate,  by  means  of  which  the  observer  can  directly  measure  the 
focal  length  of  the  camera  if  the  same  is  changed  at  any  time  for  any  pictures.  The 
objective  cylinder  can  be  moved  in  the  direction  of  the  camera  axis  by  means  of  a 
spiral  groove  cut  into  a  second  cylinder  which  is  firmly  attached  to  the  camera,  and 
as  one  turn  of  this  screw  is  equal  to  an  axial  motion  of  1  millimetre,  the  change  of 
focus  can  readily  be  ascertained  to  one-tenth  of  a  millimetre,  as  will  bo  described  in 
the  following: 

By  revolving  the  external  cylinder,  the  metal  strip  or  plate  attached  to  the  same, 
glides  around  the  outer  surface  of  the  inner  cylinder  (firmly  attached  to  the  camera), 
which  bears  a  circular  scratch  lying  in  a  i)lane  vertical  to  the  camera  axis  and  pass- 
ing through  the  constant  focus  (or  through  a  point  whose  distance  from  the  image 
plate  equals  the  principal  focal  length).    This  circular  scratch  is  divided  into  ten 
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The  distance  of  the  point  of  view  from  the  peraiiective  plate,  the 
principal  point  of  view  on  the  per8i)ective,  and  the  line  of  horizon  can 
always  be  ascertained  or  rectified  by  instrumental  observations  and 
computations, or  gi*aphieally,as  hasbe^n  indicated,  and  as  will  be  shown 
more  fully. 

We  have  described  liow  the  optical  axes  of  the  telescope  and  of  the 
camera  can  be  brought  into  two  vertical  i)arallel  planes.  Both  can  be 
kept  in  this  i)osition  and  yet  be  revolved  about  the  vertical  axis  of  the 
instrument.  The  horizontal  limb  of  the  theodolite  is  divid<»d  into  360^, 
with  subdivisions  of  20',  and  bv  means  of  two  verniers  30"  can  be  read. 
The  vertical  circle  is  provided  with  tiie  same  gni-duation.  Thus  the 
nieans  are  given  to  ascertain  the  azimuthal  positions  of  the  optical  axis 
for  each  perspective;  or,  in  other  words,  the  means  for  oiicntation  are 
thus  provided  for.  The  magnetic  azimuth  of  the  principal  ray  of  tlie 
l)erspectives  (i.e., direction  of  o])tical  axis  for  each  exposure),  or  the 
horizontal  angle  made  with  any  other  line  ])assing  through  the  station 
and  some  known  point  (e.  g.,  trig<mometrical  i)oiiit),  can  readily  be 
ascertained. 

All  the  perspectives  which  are  to  be  used  Jbr  mapping  must  be 
obtained  from  stations  with  known  geographical  jwsitions.  (renerally 
trigonometrical  points  are  selecte<l  for  photographic  stations,  but  if 
other  points  have  to  be  occupied  the  elemental  needed  (horizontal  and 
vertical  angles)  to  determine  their  positions  with  respe('t  to  surround- 
ing triangulation  points,  (;an  reiwlily  be  observed  by  aid  of  the  theodo- 
lite before  leaving  the  camera  station. 


equal  parts,  and  the  inetal  scale,  passing  over  tliiH  graduated  ring  when  the  objective 
tube  is  moved  towanl  the  sensitive  plate,  will  indicate  by  its  position  on  this  circu- 
lar scale  the  number  of  tenths  of  millimetres  it  has  moved  beyond  the  number  of 
millimetres  which  are  read  of!'  on  the  metal  scale  lirst  mentioned. 

The  focal  length  is  a  very  important  fiictor  in  all  photot-opographic  work,  and  it 
is  advisable  to  verify  at  the  beginning  of  operations  the  reading  of  the  metal  scale, 
and  if  the  principal  focal  length  is  changed,  the  difference  must  be  entered  into  the 
notebook,  so  that  the  proper  correction  can  be  applied  later  on. 


Chapter  II. 

FUNDAMENTAL   PRINCIPLES   OF   PHOTOTOPOGRAPHY. 

It  was  comparatively  easy  to  obtain  a  close  connection  between  the 
phototopographic  stations  and  the  new  triangulation  of  Italy,  as  the 
committee  who  had  charge  of  this  triangulation  has  provided  Italy 
with  a  generous  and  harmonious  disi>osition  of  triangulation  points, 
which  have  been  very  carefully  located,  their  exact  ])ositioiis  computed 
and  x)ermanently  marked  in  the  field,  irrespective  of  the  character  of 
the  surrounding  topography  or  of  the  order  of  triangulation  to  which 
they  belong. 

This  great  number  of  triangulation  x)oints  not  only  facilitates  the 
application  of  the  camera  and  assures  the  accurate  determination  of 
the  panorama  stations,  but  it  also  simplifies  the  subsequent  map  con- 
struction, as  the  greater  part  of  the  perspective  contains  one,  two,  or 
more  triangulation  points,  although  the  instrument  commands  a  field 
view  of  but  42^  horizontally. 

Thus  all  cardinal  i)oints  of  the  perspectives  can  readily  be  adjusted, 
the  pictures  are  easily  orientated  for  the  map  construction,  and  the 
salient  topographical  features,  deduced  from  the  perspectives,  can  be 
frequently  checked. 

The  camera  used  for  this  work  gave  pictures  of  18%>  x  14*="'  (the  plates 
were  19  x  24-5* «") ;  the  lens  controlled  a  field  of  42°  horizontally  and  52° 
vertically  (26^  above  and  26^  below  the  horizon).  Eecently,  however, 
the  lens  of  the  camera  has  been  exchanged  for  one  with  a  i)rincipal 
focal  length  of  240"""  in  order  to  use  plates  of  18x24<="»,  which  size  is 
readily  supplied  by  photographic  dealers. 

For  an  exact  determination  of  the  x)rimary  points  of  the  perspectives 
it  is  necessary  to  measure  the  '*  coordinates  "  of  the  points  in  question 
upon  the  persi)ectives  as  a<'curately  as  possible.  To  insure  good  results 
these  measurements  should  be  made  upon  the  negatives  with  a  pair 
of  dividers  made  especially  for  this  i)urpose,  by  means  of  which  the 
desired  distances  are  obtained  in  millimetres  and  tenths. 

Secondary  and  tertiary  points  need  not  be  obtained  with  the  same 
degree  of  accuracy  as  the  jirimary  points  (needed  for  the  control  prin- 
cipally), and  as  the  jilates  are  not  well  adapted  for  the  making  of  direct 
measurements  thereon,  nor  for  the  marking  of  identical  points  with 
numerals  or  other  characters,  it  will  be  better  to  take  all  measurements 
for  secondary  and  tertiary  points  from  the  prints,  as  the  permanent 
•changes  which  such  prints  undergo,  compared  with  the  negatives,  are, 
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when  8oiue  care  is  exercised,  hanlly  ever  greater  than  the  irregularities 
which  can  be  discovered  in  any  drawing  on  paper,  no  matter  how  care- 
fully made. 

The  perspectives  (panoramic  views)  wliich  are  to  subserve  the  map 
making,  and  some  of  which  are  also  to  be  reproduced  iis  illustrations 
to  accompany  certain  maps  of  the  Alpine  ranges,  are  obtained  by  ten 
successive  exposures.  After  the  camera  has  been  adjusted  at  a  pano- 
rama station,  it  will  have  to  be  revolved  al>out  the  vertical  axis  through 
an  angle  of  36^  after  each  exposure,  and,  as  each  plate  subtends  a 
horizontal  angle  of  42^,  the  two  ends  of  adjoining  plates  will  lap  over 
by  a  vertical  strip  of  the  horizon  of  3°,  or  each  one  of  two  iidjoining 
plates  will  have  a  vertical  jnargin  of  15"""  width  reproduced  on  the 
neighboring  plate. 

Figure  4  shows  the  horizontal  projection  of  the  positions  of  ten  plates 
(Pip2  .  .  .  .  P'»)  at  a  panorama  station.  VP'  =  VP^=  .  .  .  . 
V  F^^=:/=:  principal  focal  length  of  camera  =  244*5' 


ktuni 


Yui.  4. 

The  common  margins  of  two  adjoining  plates  serve  principally  to 
ascertain  whether  the  adjustments  of  the  instrument  have  been  dis 
turbed  during  the  occupancy  of  a  station.  Should,  for  instance,  the 
position  of  the  horizontal  thread  have  been  disturbed  by  some  cause, 
this  would  bo  shown  by  different  results  when  measuring  the  ordinates 
of  identical  points  of  two  adjoining  margins.  These  margins  also 
serve  admirably  for  the  corre(!t  trinmiing  of  the  edges  of  adjoining 
pictures  if  they  are  to  be  fitted  together  for  the  panorama. 

The  horizontal  projection  of  the  ten  plates  exposed  from  one  pano- 
rama station  is  a  regular  decagon  (tig.  4),  with  a  radius  of  the  inscribe<l 
circle  equal  to  the  principal  focal  length  of  the  camera. 

After  the  position  of  one  panoramic  view  has  been  found  on  the  map 
(i.  e.,  after  the  angle  w,  figure  4,  has  been  plotted  from  the  station  I'  to 
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the  triangalation  point,  shown  iu  the  fi^re),  the  orientation  of  all  the 
other  plates  is  accomplished  by  adduig  36°,  72°,  108^  ....  to 
the  angle  oi;  thus  the  entire  decagon  can  l)eplotte<l  after  the  horizontal 
projection  of  plate  P*  has  been  oriented  with  reference  to  the  station 
F  and  the  triangulation  point  plotted  on  the  ma{). 

The  orientation  in  horizontal  plan  having  been  made,  it  will  be  an 
easy  matter  to  draw  lines  of  direction  from  the  platted  camera  station 
to  points  photographed  in  the  panorama. 

The  plate  m  w'  »'  w,  ttgure  5,  may  represent  a  vertical  and  oriented 
perspective  and  00^  be  the  line  of  the  horizon  of  said  plate.  V  is  the 
point  of  view;  w^  rexiresents  the  angle  of  orientation  for  this  plate  in 


Fkj.  5. 

reference  to  the  secondary  point  A  (i.  e.,  the  horizontal  angle  between 
the  direction  from  Fto  a*  and  the  vertical  ray  FP  to  principal  point  of 
view  P  of  the  perspective). 

FP=/ is  the  principal  focal  length.  If  A  represents  a  point  of  the 
terrene  in  space  and  a  is  the  representation  of  the  same  on  the  plate^ 
and  if  the  vertical  a  a'  has  been  drawn  from  a  upon  the  line  of  horizon 
00%  then  Pa'^^x  will  be  the  abscissa  of  the  point  a. 

From  the  rectangular  triangle  V  Pa'  we  tind: 

X  =/tan  a?' 

Figure  6  shows  this  triangle  as  V  P'  a'  in  the  plane  of  the  drawing; 
P'=  horizontal  projection  of  the  principal  point  of  view  (P  in  fig.  5)  of 
the  horizontal  projection  0  0'  of  the  plate  (m  m'  n'  n  in  fig.  5)  which 
had  been  oriented  iu  the  plane  of  the  map  by  the  direction  V  S  (or  rather 
by  the  horizontal  angle  cOy  ii{^.  G)'  to  the  triangulation  point  iS, 
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In  order  to  <lriiw  the  horizontal  projection  of  the  ray  from  V  to  tlie 
point  A  (fi{^.  5)  the  distance  P'  a',  (Hg.  (S)  =^P  a*  (fig.  5)  =  x  is  laid  oft' 
ai)on  0  0'  (fig.  0)  from  P',  in  the  sense  of  direction  to  A  (whether  to  the 
right  or  left  of  the  vertical  thread).  This  abscissa  x  is  taken  from  the 
picture  by  means  of  a  pair  of  dividers  as  the  nidms  ajp  (ftg.  5).  After 
drawing  a  line  from  V  through  «'  (fig.  0),  this  Ihie  V  a'  will  be  the 
horizontal  direction  of  the  ray  V  A  (fi^,  5). 

The  position  of  A'  (horizontal  i)rojection  of  A  plotted  on  the  map)  will 
l)e  in  the  intersection  of  two  or  more  lines  of  direction,  obtained,  in  a 
similar  manner,  from  other  ])ictures  containing  a  and  taken  from  other 
stations.  The  same  refers  to  all  other  points  of  the  terrene,  if  their 
pictures  can  be  identified  upon  plates  taken  from  difterent  panorama 
stations. 

Every  perspective  containing  the  picture  of  a  triangulation  point 
will  give  evidence  of  the  gn.de  of  accuriMjy  for  the  relative  plotted  iM)8i- 
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tions  of  the  horizontal  projections  of  the  point  of  view  and  of  the  per- 
spective, as  well  as  for  the  orientation  of  the  plate,  by  laying  oft'  upon 
0  0'  (fig.  6)  the  abscissa  x'  of  the  triangulation  x)oint  S  and  drawing  the 
line  V  S'j  which  should  bisect  the  plotted  point  8. 

If  the  horizontal  projection  of  a  point,  A,  has  been  determined  by  the 
intersection  of  two  rays  from  two  stations,  F*  and  T^*,  a  check  is 
obtained  if  a  third  plate,  taken  from  another  camera  station,  F^,  shows 
the  same  point,  as  all  rays  to  the  same  object.  A,  mast  intersect  each 
other  in  the  same  point  on  the  map. 

The  hypsometric  determinations  of  the  terrene  can  readily  be  accom- 
plished after  the  selected  points  have  been  determined  and  x)lotted  in 
horizontal  plan  in  the  foregoing  manner.  If  the  elevation  of  the  sta- 
tion F(tig.  -^y)  is  known,  the  elevation  of  the  line  of  horizon  0  0*  on  the 
plate  in  m'  n'  n  can  be  easily  obtained  by  adding  the  height  of  the  instru- 
ment to  the  elevation  of  the  station  V.    The  elevations  of  all  the  points 
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on  the  plate  which  are  bisected  by  the  line  O  O'  have  the  saiue  ele- 
vation as  the  optical  axis  of  the  instrument  at  the  station  F,  disre- 
garding the  effects  of  oarvature  and  refraction.  The  apparent  elevations 
of  other  secondary  points,  selected  from  the  plate  for  the  construction 
ot  the  map,  are  obtained  by  determining  their  elevations  al)ove  or  their 
depression  below  the  line  0  0'.- 

If  i>  =  horizontal  distance  of  a  point  ^4  from  the  station  T'; 
=  YA^  (to  be  measured  on  the  map)  (tig.  5); 
7>  =  difference  of  elevation  between  point  A  and  station  1'; 
=iAA'{A'\^  the  projection  of  A  u})on  the  horizontal  plane  through 
optical  axis  of  instrument  at  station  F); 
(I  =  horizontal  distance  of  the  picture  of  A  from  F; 
Then  we  have  from  the  similar  triangles  \a' (\  and  V A' A  the  relation: 

LiD^yid  ;i) 

L=.^>y  (2) 

From  the  rectangular  triangle  Y Pa'  we  find: 

f/-=     -^    ,=/.secci9'  (2») 

cos&y    -^  ^    ' 

whence :  L  =  ,.  ^  ,  (3) 

/  sec  a?' 

Should  the  i)oint  A  be  bisecU*d  by  the  vertical  thread  then  qd'-=^0 
and  secG?'=l,  or: 

L^^f  (3.) 

(Formula  3»  would  answer  for  all  points  of  "the  perspective  if  the 
image  plate  were  a  cylindrical  surface  of  radius  =/ instead  of  being  a 
plane,  if  the  decagon  were  a  circle.) 

The  differences  of  elevation,  taken  from  the  perspectives,  are  positive 
or  negative  according  to  the  relative  positions  of  their  points  in  respect 
to  the  line  of  horizon  0  0',  whether  above  or  below  the  same.  In  order 
to  obtain  the  apparent  elevations  of  these  points  above  mean  sea  level 
their  ordinates  must  be  added  to  or  subtra<5ted  from  the  elevation  of  the 
camera  station.  Two  graphical  instruments  have  been  constructed 
based  upon  the  formulas  (1)  and  (2).  The  one  serves  to  locate  the  points 
in  horizontal  plan  by  intersections  after  their  abscissae  {x)  have  been 
measured  upon  the  pers]>ectives.  The  other  serves  to  ascertain  the  dif- 
ferences of  their  elevations  compared  with  the  height  of  instrument 
after  the  abscissae  (j?)  and  the  ordinates  (y)  of  the  points  have  been 
measured  upon  the  perspectives. 

The  use  of  these  auxiliary  instruments  enables  the  draftsman  to  dis- 
pense with  the  construction  of  the  decagons  (representing  the  horizontal 
projections  of  the  panoramas  about  the  plotted  camera  stations),  and  as 
these  polygons  must  be  very  caiefully  drawn,  the  dispensing  with  them 
altogether,  especially  if  the  area  to  be  plotted  is  extensive  and  the  sta- 
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tious  uumeroiis,  will  save  inucli  time  and  labor.  It  is  particularly  desira- 
ble to  avoid  the  drawiug  of  these  polygons  if  the  x>lotting  is  to  be  done 
on  1  to  25,000  or  1  to  50,000  scales,  as  the  iiumeroas  decagons  will  inter- 
mingle in  such  a  manner  that  great  care  and  painstaking  must  be  exer- 
cised to  avoid  confusion  in  selecting  the  prox>er  lines  from  the  intricate 
network  of  lines  upon  the  face  of  the  drawing.  An  attempt  has  been 
made  to  overcome  this  diflftculty  by  drawing  the  different  polygons  in 
lines  of  different  colors,  but  even  this  exi)edient  failed  when  plotting  on 
small  scales. 

Also,  the  hy|)sometri(*.  determinations  of  secondary  points  can  be 
checked  by  conix>aring  the  elevations  obtained  in  the  preceding  manner 
with  the  results  obtained  in  tue  same  way  irom  other  stations  and  on 
other  plates. 

Furthermore,  any  perspective  containing  one  or  more  triangulation 
points  (the  elevations  of  which  are  determined  by  double  zenith  dis- 
tances, or  by  any  other  instrumental  method)  will  serve  to  check  the 
horizontal  adjustments  of  the  instrument  during  the  exposure  of  such 
plate,  by  comparing  the  elevation  obtained  from  the  per8i)ective  with 
the  elevation  of  the  trigonometrical  point  obtained  by  former  instru- 
mental measurements.  Should  the  elevations  of  the  triangulation  points 
be  unknown,  this  check  can  still  be  made  by  using  the  vertical  circle  of 
the  instrument  and  measuring  the  vertical  angles  {a,  lig.  5)  from  the 
panorama  station  to  the  surrounding  triangulation  points.  By  observ- 
ing vertical  angles  from  every  camera  station,  a  check  on  the  measured 
values  of  the  ordinates  on  the  perspectives  is  obtained,  inasmuch  as 
then  these  ordinates  can  be  computed  and  compared  wit  h  those  obtained 
by  direct  measuren)ent8  on  the  perspectives. 

From  the  triangles  V  A*A  and  V a'  a  we  find  (^g,  5) : 

tan  A  YA'  =  tan  ^^  =  ^  =  ^ 

1)      d 

According  to  formula  (2")  we  had 

f 


d  =  - 


eos  Gj' 


therefore :  tan  a  =  K  cos  a/  (4) 

where  co'  is  the  horizontal  angle  formed  at  V  by  the  vertical  plane  con- 
taining the  line  of  directicm  from  the  camera  station  V  to  the  triangu- 
lation point  and  the  vertical  plane  containing  the  line  drawn  from  V  to 
the  principal  point  P  of  the  perspective,  which  horizontal  angle  can  also 
be  measured  directly  on  the  horizontal  limb  of  the  camera  theodolite  in 
the  field  before  leaving  the  station.  If  these  different  values  are  not 
in  accord,  the  horizontal  line  on  the  perspective  must  be  suljusted  by 
determining  the  value  of  the  ordinate  y  by  aid  of  the  following  formula 
(5)  derived  from  (4) : 

y  =1      -'       tan  (^  (5) 

^  cos   LJ'  ^ 
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From  the  preceding  the  ueeessity  of  the  precise  determiuatiou  of  the 
value  for  /  is  evident,  and  this  value  can  readily  be  found  if  the  area 
to  be  surveyed  is  provided  with  a  number  of  triangulatiou  points, 
marked  by  signals,  and  if  the  secondary  points  are  of  such  a  character 
(for  instance,  when  surveying  mountain  ranges)  that  the  ditt'erences  of 
their  elevations,  compared  with  the  elevation  of  the  panorama  station, 
are  sufficiently  great  to  give  their  ordinates  on  the  perspectives,  lengths 
sufficient  to  be  readily  measured.  This  will  permit  the  determination 
of/  by  means  of  the  line  of  horizon  0  0',  the  latter  being  an  element 
obtainable  from  the  perspectives  with  a  gieat  degree  of  accuracy. 

The  instrument  is  placed  over  any  well-determined  p<nn  t  and  adjusted, 
then  it  is  turned  in  azimuth  until  the  vertical  thread  bisects  a  geodetic 
point,  which  can  readily  be  identified  upon  the  image  plate  (desirable 
also  that  the  ordinate  y  of  such  point  be  sufficiently  long  to  assure  a 
correct  measurement). 

Then  will  be  given :  the  difference  of  elevation  of  bisected  point  and 
panorama  station  =  L;  the  horizontal  distance  between  these  two  =  D, 
and  y  =  ordinate  of  bisected  point;  and  from  equation  (3»)  we  find  for 

^  ■"  L 

a  fairly  accurate  value,  if  the  adjustments  for  securing  the  horizontal 
position  of  the  instrument  were  carefully  made  and  if  the  ordinate  y 
was  measured  upon  the  negative  plate  correct  within  0.1"'"\ 

The  value  for/  can  also  be  found,  if  the  perspective  contains  several 
other  points  (besides  the  one  bisected  by  the  vertical  thread)  which 
can  readily  be  identified,  by  measuring  both  the  vertical  and  horizontal 
angles  (by  observing  all  the  points,  including  the  one  bisected).  The 
values  for  a  and  oj  thus  obtained,  including  the  values  of  the  abscissae 
[x)  and  ordinates  (^),  measured  upon  the  image  or  negative  plate,  will 
enable  us  to  compute  /  by  means  of  equations  ( 1 )  and  (4).  By  using  the 
mean  of  these  different  determinations  for  /  the  computation,  based 
upon  the  new  values  for  x  and  y,  can  be  rei)eated  until  an  agreement  is 
found. 

Although  the  Italian  pictures  commanded  an  angle  of  but  42^,  the 
greater  part  of  them  contain  one  or  more  tiiangulatiou  points.  In  all 
similar  cases,  simultaneously  with  the  determination  of  the  value/ 
(principal  focal  length),  it  can  be  ascertained  whether  tin*  i)icture  of  the 
intersection  of  the  crosswires  coincides  with  the  principal  ])ointof  view 
P  upon  the  i)er8pective  (fig.  7) : 

8*  and  8  represent  the  pi(;tures  of  two  triangulation  jioints  upon  the 

l)er8i)ective  m  n ; 
V  =  station  point  or  point  of  view ; 
8'  0'  and  8  0  =  vertical  linos  from  /8"  and  8  upon  the  line  of  horizon 

0  0'=  ordinates  y'  and  y  of  these  two  points  *S"  and  8. 
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It  ia  desired  tu  find  Ti*  (vertical  lu  plaQC  m  n)  and  tbe  positiou  of 
the  point  P  in  regard  to  O  and 
O'  or  the  abscissa;  x  and  x'  of 
the  two  triangulatioii  iKtintH  N 
and  S'. 

L  and  /,'  represent  the  difl'er- 
eiices  of  flevation  Iw^twien  tlie 
trainera  atatiou  ( I'}  or  tlie  iiori- 
2on  (00'}  and  tbe  triangulation 
points  S  and  S',  D  and  li'  nre 
the  horizontal  distaoi^esof  >Sund 
A"  from  tiie  camera  station  ( I'). 

/,,  /.',  I>,  1)',  as  well  as  y  and  /, 
are  known  or  can  be  measured 
upon  the  chart  prq|eoti<in  an<l 
negative  plate ;  therefore  the  hor- 
izontal distances  d  and  d'  of  the 
^"•■'-  picture4l  triangulation  {Ktints  A' 

and  iS"  from  the  point  of  view  I'ean  be  niuiputed  from  the  fnlhiwtng 

e<)uation><  (Ht-e  tig.  o): 


^          s 

1 

k  - 

) 

A^ 

^  p 

^^  / 

c 

3 

■^y 


The  horizontal  angle  0'  V  0  [=  a>  -\-  oa')  being  observed  in  the  field, 
the  other  two  angles,  ;■  and  't,of  tbe  borizontal  triaugle  O'  V  <>(&g.  7) 
can  be  compate<l  as  follows  : 


By  substituting 


we  will  have: 


s=M  -  -V 


From  the  two  triangles  O'  P  V  and  O  /'  I'  (l>otli  are  ret^tauguliir  at  P) 
we  find  (fig.  7): 

/  =  d  sin  r  =  d'aia  s 
jrs=/cot )-  ;     x'  =/c<»t  •"• 
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also  the  angles  of  orientation 

The  sum  x  +  x'  must  be  equal  to  the  value  0  0'  found  by  careful 
measurement  upon  the  plate,  and  it  must  also  be  equal  to  the  value  of 
O  0'  obtained  from  the  following  formula: 

0'  VO 

(d  +  d')  sin  -   o 

00'= . 

<^  — r 
cos     ., 

Should  the  horizontal  angle  OVO'  not  have  been  measured  in  the 
Held,  then  the  angles  y  and  6  can  be  computed  by  carefully  measuring 
O'O  on  the  negative  plate  and  using  the  following  well-known  formulas: 


2       V  n  (n  "'  d) 


2-V  p(p-d) 


where  p  = 


tan  ^       ^       ^  (^  _  ^,j 

d^d'+OO' 


The  angles  of  elevation  a  and  or',  which  are  either  obtained  by  direct 
measurement  in  the  field  or  computed  from  the  formulas: 

L 


tan 

a 

-i> 

tan 

a' 

L 

serve  to  obtain  check  values  for  the  values  of  y  and  y',  meiisured  ujion 
the  negative  plate,  by  using  the  formulas : 

y  =  --  —  tan  a  and 

^         cos  CO 

f 

y'  =  ^^o  '  ^  tan  a' 
^       cos  cor 

The  value  for  /  in  above  formulas  being  the  same  as  found  (page  (M)) 
from  the  equation : 

/=  d  sin  yzrzd'  sin  6. 

m 

By  repeating  the  computation  with  these  new  values  for  y  and  //'  the 
true  value  for/  can  be  obtained  very  closely.  For  all  practical  purposes, 
however,  it  will  suffice  to  take  several  pictures  with  a  constant  focal 
length,  and  to  take  the  mean  value  of  the  different  /  determined  from 
these  pictures.* 


*"  A  compariaon  of  the  valnA  read  off  on  the  ^adnatcd  metal  plate  on  the  objective 
cylinder  with  the  resnlt  obtained  by  computation  will  give  the  correction  to  be 
applied  to  the  reading  on  said  grsdaatiou. 
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Exaynplen  ttlypwing  the  application  of  the  methods  described  in  tlic  foreijoing 

pages. 

I. 

In  the  panorama  obtained  firom  the  "Puuta  Percia,"  Sept«ml>er  19, 
1884  (this  peak  is  on  the  divide  between  the  valleys  of  the  "RhOmes" 
and  the  '•  Valsavaranche"),  two  stations,  "Punta  Rouletta"  and  "Gran 
Puhta  di  Noraenou,"  of  the  new  Italian  geodetic  triangiilation  ap]:)ear 
npon  the  same  plate  (see  iig.  8). 

The  following  values  are  given  for  the  computation : 

Elevation  of  Punta  liouletta^-3384-10"»  \    Taken  from  the 

Elevation  of  Gran  Punta  di  Nomenon^;M88-42-  )  ^a^^«^^'  ot    tri- 

\  angulation  pomts. 

Elevation  of  Punta  Percia-^3202*3^-^ horizon  of  panorama  station. 

(  Measure<l  graphically  upon 
DistaucerPercia-Rouletta-: />  — 3250'"    '  &    i-  j    i 


Distance:  Percia-Nomenon— ^i>':_9720"'  1 


[  the  proje<'.tion   on  drawing 


Inboard,  scale:  soi&o- 


L<   Idl.oa 


R  RouletU  . 


U  279.77 


OTnerioTi 


D  •9720ni. 


R  Percia 


Fig.  8. 

The  angle  V  (fig.  8)  at  Percia  included  by  the  liorizontal  directions 
to  Rouletta  and  Nomenon  -  28°  02'  30''. 

It  is  desired  to  find : 

(1)  Focal  distance  —  /,  the  preliminary  value,  read  off  on  the  gradu- 
ation on  plate  attached  to  objective  cylinder,  is  found  to  be  about 
244*5  "'»". 


REPORT   FOR    1893 PART   II.  63 

(2)  The  position  of  the  principal  point  of  view,  which  is  fixed  by  the 
determination  of  the  abscissae  x  and  x'. 

(3)  The  position  of  the  line  of  horizon,  which  will  be  located  by  ascer- 
taining the  values  for  y  and  y\ 

The  difference  in  elevation  of  Percia  and  liouletta,  siccording  to  the 

given  data,  is : 

3384-10  —  3202-30  =  1 81-80"> 

The  difference  in  elevation  between  Percia  and  Nomenon  is 

3488-42  -  3202-30=286-12~. 

If  we  consider  that  the  distances  D  and  7)'  are  great,  and  that  the 
above  values  are  the  apparent  elevations,  we  will  have  to  make  a  cor- 
rection for  curvature  and  refraction  to  obtain  the  true  values  of  L  and 
i/',  as  follows: 

Difference  of  elevations:  Percia-Kouletta,  =181-80»» 
Correction  for  curvature  and  refraction,  =  — 0-70"' 

L  =18J-01)»» 

Difference  of  elevations :  Percia-Nomenon,  =286-12" 

Correction  for  curvature  and  refraction,  =—6-35™ 

l/'=279-77»^ 

By  measuring  the  ordinates  {y  and  y*)  and  the  abscisssB  {x  and  x') 
upon  the  negative  plate  with  a  millimetre  scale,  provided  with  a  vernier, 
which  enables  the  computer  to  read  To?r™°'  (*^®  vernier  being  divided  to 
read  ^  of  the  graduation),  we  find: 

The  coordinates  of  Punta-Rouletta:  x  =46-05™™  y  =13-75™™ 
The  coordinates  of  Punta^Nomenon :  j?'=75-40™™  y=  7-30™™ 

The  value  of'd  is  found  firom  the  following  formula: 

Dy 
d=  J   (see  page  60). 

log  D  =  log  3250  =  3-5118834 

log  y  =  log  0-01375      =  8-1383027 

coJog  L  =  co.log  181-09   =  7-7421056 

log  d  =  9-3922916 

d  =  0-24677™  =  246-77™™ 
df  is  similarly  found : 

log  .D'=  log  1)720  =  3-9876663 

log  y'  =  log  0-00730      =  7-8633229 

co.log  i>'=  co.lOg  270-77  =  7-5531989 

log  d'  =  9-4041881 

d'  =  0-25362™  =  253-62™™ 
d+d'  =  0-50039™ 
f/'-fZ  =  0-00685™ 
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The  angles  y  and  6  (fig.  8)  are  computed  by  aid  of  the  formula: 

tan  r-*_'i'-rf-.  O'FO 

as  follows: 


<> 


d+d'^^-  "i"(p«K®<'^) 


F  =  280  02'  30"  ;  L  =  14°  01'  lo" 

log  (fZ'-^)  =  log  0-00685  "     =  7-ai56906 

V 
log.cot  2  =  log  cot  140  01'  15"  =  0-6025507 

co.log  (d+fl')  ==  co.log  0-50039  =  0-;^06914 

log  ^  =  8-7380387 

J'-f =30  08'  16"-l=iV^ 

Heuce  M-i-  JVr= ;/  =  79o  07'  01"-1  and 

i»f  -  JV  =  (J  =  720  50'  28"-9 

The  computation  of/ based  on  the  formulas  (page  60) 

f=z(I  sin  y  and/=flf'  sin  6j 


gives  the  following  two  values : 

log  d  =  9-3922916 
log  sin  y  =  9-9921180 


log  (if'  =  9*4041881 
log  sin  d  =  9-9802269 


log/=  9-3844096  log/=  9-3844150 

/=  0-242331™  /=  0-242334"> 

mean  value  for/ =242-332'"'". 

The  abscissa?  x  and  x'  are  computed  by  aid  of  the  two  formulas 
(page  60) 

X  =/  tan  CO  x'  =/  ta«  &/ 

oj  =  90o  -y^  100  52'  58".9  «'  =  90o  -  (J=17O09'  31  ".1 

log /=  9-3844123  (mean  log)  log/  =  9-3844123  (mean  log) 

log  tan  G?  =  9-2838945  log  tan  a;'  =  9-4896221 


log  X  =  8-6683068 

a?  =  46-59""" 
X  measured  on  plate  =  46-05"»"> 

diff.  =     -54"'™ 


log  x'  =  8-8740344 

J-'  =  74-82""" 

raeasureil  x'  =  75-40"*"' 

diff,  =     •42«"™ 
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Computation  of  the  ordiuates  y  and  y' : 


/ 


y  =  «^«  -"  tan  a 

^        cos  GO 


f 


ffrom  station 
a  =  angle  of  elevation  of  Punta  Rouletta  =  3°  11'  30"  J  Percia.  See 
a'  =  angle  of  elevation  of  Punta  Nomenon  =  1^  38'  30"  i  model  in  Sup- 

l^plement. 

log/=    9-3844123  log /=  9-3844123 

log  tan  ix  =    8-7463444  log  t«n  a'  =  8.4572812 

co.log  cos  G3  =   0-0078820  co.log  cos  od'  =  0-0197731 


logy=   8-1386387 
y  =  13-761"'"' 
y  measured  on  plate  =  13-75™™ 

diff.  =   0.01"™ 


log  y'  =  7-8614666 
y'  =  7-269™™ 
measured  y'  =  7-30™™ 
diff.  =  0-03™™ 


ri. 

Owing  to  the  fact  that  the  distances  2>  and  2>'  in  the  example  treated 
in  Subject  I  are  large,  while  the  ordinates  y  and  y'  are  quite  small  (due 
to  the  small  difference  in  the  elevations  of  the  two  points  Rouletta  and 
Nomenon  compared  with  the  camera  station  Percia),  it  will  be  preffer- 
able  first  to  determine /by  means  of  the  abscissae  and  then  to  compute 
the  values  for  the  ordinates  {y  and  y')^  based  upon  this  value  of/  and 
the  observed  angles  of  orientation  aii  and  coi  (see  Supplement,  remarks 
to  station  Percia). 

The  direction  to  the  main  point  of  view  P  of  the  perspective  con- 
taining the  pictures  of  Kouletta  and  Nomenon  is  =  350^  00'  00" 

Direction  to  point  Nomenon  (signal)  =  332o  42'  00" 
Direction  to  point  Rouletta  (signal)  =     Oo  44'  30" 
Direction  to  Rouletta  =  360©  44'  30" 
Direction  to  point  P   =350O00'00" 

Hence,  oo^  =  lOo  44'  30" 


Direction  to  point  P  =  350°  00'  00" 
Direction  to  point  Nomenon  =  332°  42'  00" 


Computation  of  /: 


Hence,  g7,'=  17°  18' 00" 


(a) 


/  = 


X 


tan  ge?i 

log  X  =  log  46-05  =  1-6632296 
co.log  tan  &7,  =  co.log  tan  10°  44'  30"  =  0-7219207 


S.  Ex,  19,  pt.  2 6 


log/=  2-3851503 

/=  242-745™™ 
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tan  coi' 
log  x'  =  log  75-40  =  1-8773713 
co.log  tan  f.;i'  =  co.log  tan  17°  18'  00"  =  0-r>(M559(>3 


log/=2%3839610 
/=:242-082»""» 

Mean  value  for/  =  242'41'»"> 
and  from  computation  I  we  bad  /=  242*3.3'"'" 


diff.  =     O-OS"*"' 
Gomimtation  of  the  ordiuates  y  and  y' : 

w  =  _  r. —  tan  a 

cos  COi 

log/=  log  242-41  =  2-3845505 

log  tan  «  =  log  tan    3^  11'  30"  =  8-7463444 

co.log  cos  ci?i=co.log  cos  lOo  44'  30"  =  0.0076774 


logy  =1-1385723 

y  =  13-758""' 
and  computation  I  gave  y  =  13-761'""' 


diflf.=  0-003"»°' 

/ 

yf  = ,  tan  a* 

cos  f«;i 

log/  =  log  242-41  =  2-384r>505 

log  tan  a'  =  log  tan  lo  38'  30"  =  8-4572812 

co.logco8  cy  =  co.log  cos  170  18'  00"  =  00201054 


log  y'  =  0-8619371 

I/'  =  7.i>77"'m 

and  comi)utation  I  gave:  ?/'  =  7-200™'" 


diff.  =  0-008'""» 
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III. 

The  following  computation  is  of  greater  int^^rest,  the  camera  station 
having  been  selected  over  a  trigonometrical  point  of  the  Italian  geodetic 
triangulation  system,  thus  admitting  a  direct  comparison  between  the 
elements  of  tlie  perspective  and  the  exact  values  of  these  same  elements, 
taken  from  the  data  of  the  triangulation  work. 

In  the  round  of  perspectives,  obtained  on  September  21,  1884,  ver- 
tically above  the  trigonometrical  point  near  the  Royal  Hunting  Lodge 
of  Valsavaranche,  there  is  one  plate  (P*)  which  contains  the  pictures  of 
two  triangulation  points,  ^'Punta  Euja"  and  "Gran  Punta  di  Xome- 
non,"  of  the  new  geodetic  triangulation. 


L'973.4.m. 


a^„R  Nonn«non 


L-  1291^.9  m. 


2 19  Urn. 


2l9l.em. 


Hunting  Lodge 


Vm.  9. 

The  following  data  are  given  for  the  computation : 

Elevation  of  Punta  liuja  (signal)  =  3173-5™ 

Elevation  of  Gran  Punta  di  Nomenon  (signal)  =  3488-4"' 

Elevation  of  the  horizon  of  panorama  station  near  the  Royal 

Hunting  Lodge  of  Valsavaranche  =  2191 -H™ 

The  triangle  side  Hunting  Lodge  —  Ruja         =  i>  =  5804-2'n 

The  triangle  side  Hunting  Lodge  —  Nomenon  =  7)'  =  5029'()'" 

The  angle,  F,  between  Ituja  and  Nomenon  is  =  13°  51'  ()4"'50.    (See 

fig.  9.) 

It  is  desired  to  find : 

(1)  The  focal  length,/,  approximately  found  by  residing  the  gradua- 
tion on  objective  tube..  =  244*5""". 
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(2)  The  poMitioii  of  the  principal  jMiint  of  view  (located  by  the  abscissa 
X  and  j'). 

(.'i)  The  true  imsition  of  the  line  of  horizon  (located  by  the  ordinates 
y  and  y'). 

By  careful  measurements  (nmde  as  in  the  preceding)  we  And: 
The  coordinates  of  Punta  Kuja:  x  =24'80'""';  y  =  41-45* 

The  coordinates  of  Punta  Nomenon :  j?'  =34'05"";  y'  =  63*50' 

Elevation  of  Punta  Ri^ja  =  3173.5" 

Elevation  of  point  V  =  2191-8"» 


kmm 


Apparent  difference  of  elevation  =   981 '7"* 
Correction  for  refraction  and  curvature  =  —  2'3"' 


True  ditference  of  elevation  =   97;)'4»"=i 

Elevation  of  Punta  di  Nomenon  =  3488*4'" 

Elevation  of  point  of  view  ( T' )  =  2191-8" 

Apparent  difference  of  elevation  =  1290*6" 

Correction  for  curvature  and  refnu'tion  =  —  1*7" 


True  dift'erence  of  elevation  =  1294*9" =1/ 


Computation  of  d  =    / 


log  D  =  log       5804-2         =  3*7^37424 

log  y  =  log  0-04145  =  8-6175245 

CO.  log  L  =  CO.  log   979*4  =  7-0090399 


log  d  =  9-39030(W 

d  =  0-245644"'  =  245-644"'"' 
7)/|//        • 
Computation  of   d' =z      *j. 

log  Jy  =  log      5029-6  =  3-7015,334 

log  y'  =  log  0-0(k350  =  S-8027737 

co.log  L'  =  co.log  1294-9         =  6-8877638 


log  d'  =  9-3920709 

d'  =  0-246644"'  =  246-644"'"' 

rf  -h  d'  =  492-29"" 
d'  —  d  ^      1-00'"" 

Computations  of  the  angles  y  and  6\ 

y^S      d'  —  d     .  V 
tan  ^--  -  =  ^ ^,  cot  — 

2  d-^t-d'         2 

F=13o5P04"-50 

]^=    60  55'32"-25 

;/  +  <y  =  180^  —  T^  =  106O  08'  55"-50 

?^-^=  83O04'27"*75  =  ,l/ 
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log  ((!'  -  <f )  =  log         0-00100         =  7-0000000 

r 

log  cot  "2  =  log  cot  (}o  55'  32"-3  =  0-9155406 
co.log(rf  +  d')  =  co.log    0-49220         =0-3077790 


log  tan  ^^-^  =  8-2233196 

^- j-=  Oo  57'  29"-10  =1=  iV' 

jlf  +  N=  840  01'  56"-9  =  y 
M  -  j\r=  820  06'  58"-7  =  6 

Computation  of /=  <Z  ain  y  =  rZ'  sin  (J 

log  d  =       log  0-24564  =  9-3903068 

log  sin  y  =  log  sin  84o  01'  56"-9  =  9-9976401 


log  7=9-3879469 
/=  0-244313 
log  d'  =        log  0-24664  =  9-3920709 

log  sin  d^  =  log  sin  82©  06'  58"-7  =  9-9958757 


log /=  9-3879466 
/=  0-244313°* 
Mean  value  for/=244-31«°™ 

Gouiputation  of  the  abscissae : 

X  =/  tan  00 

(y  =  90O  -  ;/  =  50  58'  03"-l 

log  (mean  value  of/)  =9-3879468 

log  tan  G7  =  log  tiin  5o  5S'  03"- 1  =  9-0192462 


log  .r  =  8-4071930 

X  =  0-025538'"  =  25«54"»'" 
Qc'  =/tan  10' 
m'  =  900  -  rj  =  7^  53'  01"-3 

log/ =9-3879468 
log  tan  iu'  =  log  tan  7^  63'  01"-3  =  9-1413601 


log  x'  =  8-5293069 
x'  =  0-033830  =  33-83'»"» 
X  =  25-54°»»  x'  =  33-83"°> 

measured  x  =  24-80'»»"  measured  x'  =  34-05"''" 


diff.  =    0-74"""  diff.  =    0-22"'"! 

Mean  difference  =  0.48"""  =  correction  for  principal  point  of  view 
(vertical  thread)  on  the  plate. 
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JV. 

The  plate  (/*^)  treated  of,  under  Subject  III,  is  the  lifth  i)ei*8pective  of 
the  ten  plates  forming  the  panorama.  These  perspectives  wereobtaiued, 
as  previously  mentioned,  by  moving  the  optical  axis  of  the  camera  suc- 
cessively by  3GO  in  horizontal  plan,  as  indicated  in  the  examples  for 
phototopographic  stations  in  the  Supplement. 

The  orientation  for  the  entire  panorama  (set  of  ten  plates)  was 
obtained  by  the  exposure  of  the  first  plate  (P')  by  directing  the  optical 
axis  for  this  exposure  to  the  trigonometrical  point ''  Punta  Chandellei" 
(i.  e.,  by  bisecting  the  signal  at  Punta  Chandellei  with  the  vertical 
thread  of  the  camera).    (See  tig.  10.) 

$ 


Fid.  10. 

We  find,  therefore,  on  plate  P'  {^g.  11)  the  picture  of  the  signal 
Punta  Chandellei  (S  in  lig.  10),  bisected  by  the  vertical  threa<l,  and  this 
faet  enables  us  to  obtain  the  value  for /more  readily  from  this  plate  bv 
means  of  the  following  formula  (tig.  10): 

VS'xP'iS 


VF'^f^ 


Si^' 


For  this  computation  the  following  data  are  given : 
D  =  triangle  side:  Royal  Lodge  (signal) — Punta  Chandellei 

(signal)  =  VS'  =  3270-7  «" 

Tiie  elevation  of  Punta  Chandellei  =  281 1-72'" 

The  elevation  of  lioyal  Lodge — elevation  of  horizon  of  V==  2191*80'" 

The  ordinate  y  of  image  (aS)  of  P.  Chandellei,  measured 
oni)lateP'  =    4(»-25'"°> 

Computation  of  L  =  8S': 

Elevation  of  Punta  Chandellei  =  281 1  -72'" 

Elevation  of  point  F  (camera  horizon)  =2101-80"' 


Apparent  difference  of  elevation  =   G19*92'" 
Correction  for  curvature  and  refraction  =  — 0*72"» 


True  difference  of  elevation 


=   019-20'"  =  i. 
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Computation  of/=  ^  =  L^>^£-? 


log  i>  =  log  3270-7 
log  y=  log  0-04625 
co.log  L  =  co.log  619«20 


3-5146407 
8-6651117 
7-2081691 


log/  =9-3879215 

/=  0-24430  =  244-30™"* 


Hunting  Lodge 


R  A  Ruja 

P./:^Nomenon 


I 
I 

A  P.  Chandellei 

FlO   11 

V. 

Perspective  P*  (fig.  11)  shows,  as  previously  mentioned,  the  pictures 
of  Punta  Ruja  and  Punta  ^onienon,  while  the  vertical  thread  of  plate 
P'  bisects  the  picture  of  the  signal  Punta  Chandellei,  and  as  the  hori- 
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zontal  angles  P'V  P^y  P^V P^,  PW  P* are  uniformly 

=  36o,  the  orientation  of  plate  P*,  for  instance,  will  be: 

PTP^sr  4x300  =  1440 

From  the  geodetic  records  we  t^rke  the  angle:  Chandellei- Royal 
Ijodge-Nomenon  =  1350  oS'  23'''25  and  the  angles:  P^FP'— (Nomenon- 
lioyal  Lodge-Chandellei)=  co' 

(Buja-Boyal  Lodge-Nomenon) — c»'s=o? 

With  aid  of  these  values  for  qj,  co'  and  the  value  for  /,  see  Subject  III, 
we  can  compute  the  values  for  x  and  y  very  closely.    (See  fig.  11.) 

The  angle:  (Chandellei-Lodge-P*)=P'  VP^  =144o  00'  00" 

The  angle :  (Chandellei  -  Lodge  Nomenon )  =  PT  No-    =  135o  5S'  23" -25 
menon. 


Therefore  co'  =r    go  01'  3G"«7o 
a? =(Ruja-Lodge.Nomenon )—&?'=  13o  51'  04"-50  -     80  01'  36"-75 

=  50  49'27"-75 

Computation  of  the  abscisste : 

cc  =/  tan  CO 
log  /=  log  244.31  =  9-3879468  (see  computation  Subject  III) 
logtan  (i9=logtan  50  49'  27"-75=  9-00862C3 

logx=  8-39C5731 
X  =  24-92™~ 
by  measurement:  a:  =  24*80""" 


ditt*.=  0-12"»» 
0?'  =/tan  GO* 

log/=  9-3879468 

log  tan  «'  =  log  tan  80  01'  36"-75  =  9-1492780 


log  x'  =  8-5372248 
x'  =  34-45»""' 
by  measurement:  x'  =  34-05™"' 


diff.  =    0-40™"' 

Q.I  2  -L  0-40 
The  mean  difference:  ^  =  0-26*""'  is  the  correction  which 

should  be  applied  to  the  vertical  axis  ol"  plate  P-\ 
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Computation  of  the  ordinates : 

COS  coI> 

log  /  =  log  0-24431  =  0-3879468 

log  L  =  log  979-4  =  2-9909601 

co.log  cos  00  =  coJog  cos  50  49'  27"-75  =  0-0022478 

co.log  D  =  co.log  5804-2  =  6-2362576 


log  y  =  8-6174123 


Lmm 


y  =  0-041439 
y  =  41-44"'"* 
by  measurement:  y  =  41*45* 

y'  z=z  _  y.  _ 

cos  00'  I)' 

log/ =9-3879468 

log  L'  =  log  1294-9  =  3-1122362 

co.log  cos  CO'  =  co.log  cos  80  01'  36"-75  =  0-0042759 

co.log  B'  =  co.log  5029-6  =  6-2984666 


log  y'  =  8-8029255 

y'  =  0-063522'"  =  63-52™"' 
by  measurement:  y'  =  63-50 


mm 


These  five  examples  will  elucidate  the  various  relations  between  pailis 
of  the  perspectives  and  the  terrene,  as  well  as  give  the  means  to  judge 
of  the  degree  of  accuracy  of  phototopography. 

In  practical  work  it  would  become  too  time  consuming  to  make  such 
comi^utations  for  all  the  plates,  or  even  for  all  the  panoramas,  with  the 
necessary  minute  graphical  measurements. 

If  the  camera  has  been  carefully  constructed  it  is  generally  accepted 
that  its  optical  axis  is  vertical  to  the  image  plate,  and  the  value  for/ 
for  any,  or  for  all,  panoramas  which  were  obtained  with  the  same 
objective  and  with  the  same  constant  focal  length  (that  is  to  say, 
obtained  with  the  same  reading  of  the  scale  on  the  objective  tube)  is 
comimted  in  practice  in  the  following  manner: 
As  the  horizontal  shifbings 

F'VP\P'yr\P^VP*    .    .    .,  . 

are  all  =  3(»o,  the  angles 

P'Vm,mVP\  P'Vvi'     .... 

will  be  =  I80  each.  Tha  xalne  or  P'm  =z  mP^  =  Phn' =  .  '.  .  .  is 
=/ tan  I80  =j7"'  =  the  value  of  the  greatest  abscissa  of  the  plates; 
hence, 

"■  tan  180 
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In  the  ])recc(ling  {V*^ty^  <'>^)  it  has  been  sbited  that  two  adjoining 
plates  have  a  common  margin,  rex)resenting  the  terrene  included  by  an 
angle  I?  F</  {hg.  11).  If  the  negative  plates  are  sufficiently  clear,  it  will 
be  an  easy  matter  to  identify  a  ])oint,  m  (fig,  11),  on  the  two  strips  p  q  of 
two  adjoining  plates,  which  w^ill  be  on  or  near  the  line  of  horizon,  and 
which  will  be  wP'  distant  from  the  vertical  axis  of  i)late  P*  and  mP^ 
distant  from  the  vertical  axis  of  plate  P*.  If  we  select  such  points  w', 
m\  m^y  ....  which  can  be  identified  upon  two  adjoining  plates, 
F^ — P^,  r^ — P^j  P* — P*,  ....  we  will  obtain  a  mean  value,  x'",  for 
the  entire  panoranm,  by  ai<l  of  which  a  good  value  for /can  be  obtained 
from  the  formula : 

/=         ~ 

-^      tan  ISO 


For  esample:  By  means  of  ten  negatives  of  a  panorama  station, 
occupied  with  the  latest  improved  Italian  apparatus,  it  was  found: 


mm 
:r'"forP'  —  P*  =  77-10 


\ 


J?™ 

J.  Ill 
J7'» 


2>2  _p.i  =7715 

P'  —P^  =7700 

P*  —P^  =77-40 

ps  _p6  =77-40 

P^  —P'  =77-20 
,pi  pa   «_ 

pa  _2>9   ^ 

p9  _pio=,  77-40 
pio_p/  =76.90 

log  77-194  =  1-8875835 
co.log  tan  180  =  0-4882240 


.x'"  =  77-194°'"^  =  mean  value. 


J 


log  /  =  2-;^758075 
/  =  237-0'""^ 

The  above  values  were  obtained  by  using  the  negative  plates  and 
reading  the  measurements,  obtained  by  means  of  dividers,  off  the 
graduated  rulers  of  the  graphical  instruments  of  the  Royal  Military 
Oeographical  Institute. 

Using  the  positives  (prints)  of  the  same  panorama,  the  following 

results  were  obtained : 

myn 
xm  forP'  —  P2  =76-25 

arm  p2  _  />3    ^  7(;.20 

x^        P3  _p4  =7040 
xrri        P9—P"»  =  70-70 

.^m  piO__p/    ^  70.00 
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From  this  the  mean  value  for  j?'"  is  found  =  7<r25"™'" 

log7G.25  =  1-8822398 
co.lo^  tan  180  =  0-4882240 


log/ =  2-3704628 

/  =  234-67  """  =  234-7 
The  negatives  gave  x^''  =  77-10 

The  positives  gave  *r'"  =  76-25 


mm 


diff.—   0-94 "»» 

This  shortening  of  the  greatest  abscissa  of  half  a  millimetre  at  either 
side  of  the  vertical  thread  on  the  prints  is  due  to  shrinkage  of  the 
24  X 18  <^'"  paper.  The  positive  prints  being  extensively  used  in  the  map 
construction,  this  shrinkage  must  be  taken  into  account. 


Chapter  III. 

THE   EXECUTION   OF   THE   FIELDWORK. 

By  a  close  iiiHpectioii  of  the  various  panoramas  iipou  which  the^ con- 
struction of  the  map  is  based,  it  rejidily  becomes  evident  that  not  all 
of  the  perspectives  are  adapted  for  illustrative  purposes  (to  be  used 
to  illustrate  the  Alpine  character). 

For  cartographic  purposes  the  panoramic  views  should  not  be  taken 
at  too  great  a  distance  from  the  terrehe  which  is  to  be  delineated,  in 
order  to  preserve  and  show  as  much  as  possible  of  the  topographic 
details  and  also  that  the  selected  triangulation  points  may  appear 
sutliciently  clear  and  well  defined  in  the  two  or  three  views  of  the 
panorama  set  which  contain  their  pictures. 

It  will  be  best  to  select  the  distance  from  which  views  for  illustrative 
purposes  are  to  be  taken  in  such  a  manner  that Ibhe  camera  station  may 
command  an  extensive  Held  of  the  terrene.  Illustrative  views  should 
therefore,  be  taken  from  isolate<l  prominent  points  and  from  such  that 
can  readily  bo  recognized  ui)on  the  topographic  map  containing  the 
section  photographed,  thus  assuring  a  rapid  orientation  and  giving  the 
student  of  the  map  the  means  to  form  a  correct  opinion  of  the  topo- 
graphic character  of  the  terrene  by  comparing  such  illustrative  views 
with  the  map. 

With  this  object  in  view,  a  selection  was  nrnde  from  the  numerous 
panoramas  obtained  during  former  years  and  the  selected  perspectives 
were  copied  with  pen  and  ink  by  expert  draftsmen,  whose  drawings 
were  reproduced  by  ])liotozincography  and  i)ublished  with  the  addition 
of  all  data  needed  to  identify  the  camera  station  and  to  enable  the 
student  to  orient  each  view  properly  upcm  the  ma[). 

The  requirements  whi<*h  the  camera  theodolite  constructed  under 
the  auspices  of  the  Royal  Military  Geographical  Institute  was  to  sat- 
isiy  have  been  i)revi(msly  mentioned,  and  as  a  result  of  the  imi)rove- 
ments  suggested  and  made  by  practical  experience  the  apparatus  now 
in  use  in  Italy  furnishes  the  elements  of  the  panorama  station  in  such 
completeness  that  little  needs  to  be  adde<l  by  extra  operations  and 
conji)utations  before  the  maj)  construction  is  begun,  and,  witli  due  ref- 
eience  to  the  rough  character  of  tlie  terrene,  the  apjiaratus  can  easily 
be  dismembered  into  pieces  small  enough  to  be  taken  ti)  the  most  inac- 
cessible points.  Tliree  small-sized  knapsacks,  ea^'h  weighing  7  to  8 
kilogrammes,  contain  the  theodolite,  the  camera,  and  ten  negative 
76 
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plates.  They  are  carried  by  two  soldiers  and  one  grnide,  each  bearing 
one  tripod  leg,  to  be  used  as  an  alpenstock. 

The  fleldwork  consists  in  the  fitting  up  of  a  small  laboratory,  con- 
veniently located  with  due  regard  to  communication,  to  a  central  posi- 
tion, to  facilities  of  transportation,  accessibility  of  good  water,  etc.  A 
sufficient  number  of  bromo-gelatin  plates  are  kept  on  hand  packed 
in  air  and  water  tight  cases.  From  this  laboratory  the  camp  outfit  is 
taken  to  the  neighborhood  of  thp  stations  which  are  to  be  occupied. 
The  observer  and  party  take  daily  excursions  from  this  camp  to  the 
surrounding  mountain  peaks,  replacing  the  plates  exposed  during  the 
day  every  evening  by  new  ones  to  be  usexl  the  next  day. 

After  the  camera  theodolite  has  been  put  together  and  placed  in 
position  at  a  station,  with  favorable  weather  and  liglit,  precluding 
unforeseen  accidents  to  the  corrections  and  adjustments  of  the  instru- 
ment, an  experienced  observer  will  execute  the  panorama  and  deter- 
mine the  camera  station  within  an  hour. 

To  secure  the  position  of  a  camera  station  at  least  three  or  four 
directions  to  surrounding  geodetic  ])oints  should  be  taken,  as,  if  so 
many  are  not  visible,  that  number  of  horizontal  direc'tions  must  be 
taken  to  some  other  jioints  which  have  previously  been  determined  as 
phototopogi'aphic  stations,  and  which  were  provided  with  signals 
before  leaving  them.  The  vertical  angles  at  these  points  are  recorded 
in  a  notebook.  After  the  terrene  to  be  photogi*aphed  has  been 
focused  upon,  the  circle  reading  of  the  focal  length  on  tlie  graduated 
metal  plate  on  the  objective  tube  is  also  recorded  in  this  book  if  the 
l>rincipal  focal  distance  has  not  been  used. 

The  panorama  is  obtained  by  clamping  the  instrument,  after  the 
direction  of  the  optical  axis  of  the  first  perspective  F^  has  been 
secured,  by  bisecting  a  geodetic  point  (see  hg.  11),  and  then  revolv- 
ing the  camera  3(>o  for  each  successive  exposure  in  order  to  obtain 
the  directions  of  the  optical  axes  of  the  following  perspectives: 
P\P' 

In  the  notebook  (Model  No.  1,  supplement)  all  data  are  recorded  which 
may  be  deemed  useful  or  necessary  for  the  selection  of  subsequent  cam- 
era stations,  also  the  general  incidents  of  the  fieldwork  at  each  station 
(time  or  duration  of  exposure  of  the  different  plates,  according  to  the 
character  of  illumination,  in  order  to  gather  the  means  for  regulating 
the  subsequent  developing  of  the  plates).  Finally,  a  pencil  outline 
sketch  of  the  terrene,  with  valuable  notes  for  the  map  (names,  roads, 
paths,  buildings,  et<?.),  is  made  before  leaving  the  station. 

After  all  the  stations  around  this  camp  have  been  completed,  and  if 
all  required  data  have  been  gathered  during  the  several  traverses  through 
the  country,  from  the  camp  to  the  stations,  the  camp  is  packed  and  the 
party  returns  to  the  laboratory,  where  the  recently  obtained  negatives 
are  developed  and  the  occupied  camera  stations  are  plotted  and  marked 
upon  the  chart  projection.    All  the  finished  panoramas  left  at  the  labo- 
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ratory  are  catalQgae<l  and  labeled.  Then  the  party,  with  a  new  supply 
of  plates,  proceetls  to  another  camping  ground  to  continue  the  work  as 
before. 

In  order  to  save  time  and  trouble,  it  will  be  advisable  to  regulate  the 
general  progress  of  the  work  in  such  a  manner  that  the  elevated  ])oints 
are  visited  in  the  most  favorable  season  (i.  e.,  when  the  snow  lias  least 
depth,  when  the  passes  are  free  from  snowdrifts,  and  when  the  glaciers 
can  be  i>assed  over  with  the  least  risk).-  The  lower  regions,  being  nearer 
to  civilization,  require  less  time  and  can  be  occui)ied  at  leisure  at  any 
time  during  the  season. 

A  good  seleetion  of  the  camera  station  is  important,  and  should  be 
well  considered  and  be  made  dependent  upon  the  elevation  and  distance 
of  the  points  of  the  terrene  to  be  surveyed,  upon  the  scale  of  the  chart, 
and  upon  the  character  of  the  country  (a  diversified  and  broken  terrene 
will  need  more  stations  to  control  the  same  than  an  undulating  and  a 
more  regular  section),  still,  with  due  regard  to  the  limited  length  of  the 
working  season  in  these  elevated  regions,  it  will  also  be  advisable  to 
occupy  no  more  stations  than  are  really  needed  to  develoj)  the  terrene 
properly.  The  stations,  finally,  should  be  selected  in  suc;h  a  manner 
that  the  smallest  area  of  the  represented  terrene  is  visible  from  three 
or  more  stations.  If  any  part  is  visible  from  two  stations  only,  and  if 
it  is  of  minor  importance,  its  determination  by  two  directions  only  may 
be  accepted  if  the  points  of  the  same  are  determined  by  good  intersec- 
tions (if  the  two  lines  of  dire<*tion  intersei^t  each  other  at  an  angle  of 
60O-90O). 

Regarding  the  most  favorable  hours  for  exposing  the  plates,  one  must 
be  guided  by  local  conditions;  generally  speaking,  the  trend  of  the  val- 
leys in  comparison  with  the  course  of  the  sun  is  important;  slopes 
totally  in  shadow  should  not  be  photographed;  neither  is  it  advisable 
to  execute  panoramas  when  the  sun  is  low  or  near  the  horizon.  In  the 
latter  case  an  additional  source  of  trouble  would  arise  from  the  fact  that 
one  or  two  persi)ectives,  taken  in  the  direction  toward  the  sun,  will  be 
cloudy  and  have  a  double  set  of  cross  wires,  one  set  being  i)rinted  by 
rays  which  penetrate  into  the  camera  and  the  other  in  the  usual  man- 
ner by  the  refVacted  rays  through  the  lenses  of  the  objective.  Gener- 
ally sjieaking,  it  will  be  found  that  the  best  results  are  obtained  from 
exposures  made  during  the  latter  ])art  of  the  forenoon,  the  atmosphere 
having  a  greater  percentage  of  vapor  in  the  afternoon,  ])articularly  in 
mountainous  ccmntries. 

From  every  negative  plate  obtained  at  least  two  positive  prints  are 
made.  One  serves  to  determine  the  ])anorama  necessary  for  the  loca- 
thm  of  the  secondary  points,  while  the  other  is  used  to  measure  the 
abs(!issje  and  ordinates  needed  for  the  map  construction.  All  measure- 
ments should  be  made  upon  loose  jirints,  as  the  pictures  be^'ome  greatly 
distorted  by  being  pasted  on  <*ardboards. 


THK   HORIZONTAL    PROJKC^TION. 

In  order  to  obtain  the  map,  baaed  uihiii  the  panoramas,  two  drawing 
boards  are  covered  wii.li  pai>er  (gummed  down  on  the  edges).  One  is 
used  as  a  constructing  board  (to  nmkn  nil  graphical  determtnationa  of 
points)  and  the  other  for  the  drawing  of  the  flnished  charts;  both  are 
provided  with  a  chart  projection  npon  which  the  trigonometric  points 
which  were  used  during  the  field  season  are  plotted  by  means  of  their 
coordinates. 

With  the  aid  of  a  specially  constructed  graphical  protractor  and  trac- 
ing paper  the  directions  obtained 
with  the  theodohte  in  the  field  can  ' 
readily  be  plotted  upon  both  sheets. 
This  protractor  is  shown  in  figure  12. 
'  It  consists  of  two  concentric  circles 
A  A  and  B  B.  The  former  can  be 
moved  conceutrie  within  the  latter 
about  the  axis  C,  secured  iu  the 
center  of  J  A.  This  rotary  motion 
is  applied  to  A  A  by  means  of  two 
projei-ting  ribs  iS'  and  S  on  the  plate 
a  a,  the  latter  being  secured  to  the 
movable  circle. 

The  inner  circle  A  A  has  a  gradua- 
tion, divided  into  degrees  and  half 
degrees,  while  the  outer  cirele  B  B 
bears  a  vernier  n,  the  zero  of  which 
lies  in  the  prolongation  of  the  fidu- 
cial edge  of  an  arm  b  b,  which  is 
securely  fastened  to  the  outer  circle 
and  in  a  radial  position  to  the  same. 
This  verniernreads  to  half  minutes.  tio.  is. 

The  clamp  screw  P  serves  io  secure  the  two  circles  in  any  position. 

An  alidade  ruler,  I)  D,  tlie  fiducial  edge  of  which  lies  also  in  the  diree- 
tlou  of  a  diameter  of  the  circles,  is  revolvable  about  the  axis  C  and  slides 
upon  the  upper  surfaces  of  the  circles  which  are  in  the  same  plane. 
This  alidade  bears  a  vernier  n',  graduated  like  n,  the  zero  of  which 
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coincides  with  tlie  iiducial  cd^e  of  Z)  I).    The  clamp  screAv  P'  serves 
to  clamp  this  movable  arm  1)  J)  to  the  outer  circle  B  B, 

The  axis  Cis  a  hollow  screw  bolt  with  conical  interior,  at  the  bottom 
of  which  a  thin  piece  of  isinglass  is  secured  in  such  a  manner  that 
it  can  be  renewed.  This  has  a  small  jmncture  to  indicate  the  center  of 
the  circles  and  revolving  axis. 

When  an  ordinary  protractor  is  used  to  lay  off  the  difterent  directions 
from  one  camera  station  which  were  obtained  by  the  theodolite  in  the 
field  all  the  necessary  additions  and  subtractions  to  be  made  in  order 
to  obtain  the  successive  angles  between  these  lines  of  directions  absorb 
much  valuable  time,  esi>ecuilly  when  jilotting  a  series  of  panorama 
stations. 

Thejirotrjictor  shown  in  figure  12  can  be  used  not  only  as  any  ordinary 
protractor  ^by  making  the  zero  of  the  inner  circle  coincide  with  the  zero 
of  the  outer  circle  and  clamping  the  two  circles  in  that  jjosition  by 
means  of  the  clamp  screw  P),  but  it  can  also  be  used  to  plot  the  direc- 
tions upon  the  map  in  the  same  manner  as  they  were  obtained  in  the 
field,  by  aid  of  the  theodolite;  that  is  to  say,  they  can  be  referred  to 
zero  or  any  other  direction  as  the  beginning,  and  then  be  plotted  in  suc- 
cessive order.  To  do  this,  the  inner  circle  is  revolved  until  the  zero  of 
the  outer  circle  (vernier  n)  gives  the  same  reading  upon  the  graduation 
of  the  movable  circle  as  the  theodolite  reading  for  the  prime  direction; 
then  both  circles  are  clamped  together  by  the^  same  clamp  screw  P. 
The  line  of  prime  direction  is  drawn  along  the  fiducial  edge  of  the  fixed 
ruler  h  b  upon  the  drawing  (or  upon  the  tracing  paper,  if  the  station  is 
to  be  fixed  or  located  upon  the  tracing  of  the  lines),  while  the  center  of 
the  instrument  coincides  with  the  i)oint  representing  the  station  upou 
the  paper. 

The  zero  of  the  vernier  ti'  of  the  alidade  J)  D  is  then  successively 
brought,  upon  the  inner  circle  griuluation,  to  the  readings  of  the  other 
directions  radiating  from  the  station  point  under  the  center  of  the  pro- 
tractor; each  successive  direction  is  plotted  by  drawing  a  pencil  line 
along  the  edge  of  the  alidade  I)  I).  Care  must  be  taken  not  to  change 
the  primary  position  of  the  instrument  as  defined  by  the  first  line, 
during  these  motions  of  the  alidade. 

The  tracings  of  the  lines  radiating  from  the  stations  are  obtained  with 
great  accuracy  by  means  of  this  instrument.  If  we  have  a  sufficient  num- 
ber of  directions  to  well-determined  points  which  are  evenly  distributed 
about  the  station,  their  correspondmg  intersections  \\\>o\\  both  drawing 
boards  can  be  located  with  as  much  rapidity  and  accuracy  as  a  graph- 
ical construction  will  admit  of. 

This  protractor  serves  also  to  locate  points  on  the  cx)n8truction 
board  which  on  account  of  importance  or  for  reasons  of  control  had 
been  bisected  from  numerous  stations  with  the  theodolite,  and  also,  as 
will  be  shown,  to  orient  a  perspective  view  upon  the  board,  if  such 
perspective  contains  no  trigonometrical  point,  or  if  the  image  of  such 
is  blurred  and  not  sufficiently  clear  to  be  identified  w^ith  precision. 
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After  all  stations,  iiichidiiig  such  secondary  points  as  have  been  deter- 
mined by  theodolite  directions  from  these  camera  stations,  have  been 
plotted  upon  the  two  boards,  the  work  of  determining  upon  the  construc- 
tion board  such  secondary  points  as  seem  needed  to  complete  the  map  is 
taken  up.  For  this  purpose  the  various  elements  of  the  perspectives 
are  corrected  and  adjusted  in  the  manner  previously  indicated,  and  all 
secondary  points  are  selected  and  marked  by  searching  for  well-defined 
,  points  which  are  common  to  two  or  more  plates,  carefully  selecting 
therefrom  only  sucli  as  seem 
to  be  the  most  useful  either 
for  drawing  the  contours  or 
for  tracing  the  general  trend 
of  mountain  ranges,  torrents 
and  streams,  boundary  lines 
of  glaciers,  etc.  The.  num- 
ber to  be  selected  depends 
chiefly  upon  the  adopted 
scale  and  upon  the  accuracy 
to  be  attained.  All  such 
points  are  marked  upon  the 
prints  (perspectives)  by  nu- 
merals or  letters  in  red  ink. 

Instead  of  drawing  the 
horizontal  projections  of  all 
perspectives  (or  the  poly- 
gons of  the  panoramas)  upon 
the  construction  board, 
much  time  can  be  saved  by 
using  the  instrument  repre- 
sented in  figure  14.  With 
this  instrument  we  can  draw  directly  upon  the  construction  board  the 
horizontal  directions  to  the  pairs  or  trios  of  i)oints  marked  upon  the 
prints  without  drawing  the  horizontal  projections  of  said  prints. 

In  figure  13,  F  represents  the  station  point  plotted  upon  the  board, 
O  0'  the  horizontal  projection  of  a  perspective  (which  has  been  oriented 
with  reference  to  a  signal  point  8j  a  knoWn  and  plotted  point  of  the 
terrene). 

F  P  is  vertical  to  0  0'. 

/=  focal  length  for  the  perspective  0  0'. 

P=  principal  point  of  view  of  the  perspective. 

Ps  upon  0  0'  is  the  measure  of  orientation  (=  (»)  of  the  perspective. 

We  now  prolong  V  P  through  Fby  VP=^VP'=if  and  erect  a  per- 
pendicular to  yP'  =  0'"  0"  in  P'.    Likewise,  prolong  V  B^VA^V  Sto 
their  intersections  with  0'"  0",  which  intersections  are  marked  h'j  a', «', 
respectively.    VP'  =  VP  and  0  0'  parallel  to  0'"  0" )  hence  the  rectan- 
S.  Ex.  19,  pt.  2 — 6 
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ga]nv  triangles  V 1"  a',  V 1"  h',  and  I'  P' «'  ar©  cougrattiit  \ritli  V  P  a, 
V P  b,  aud  V  I'a,  respectively;  tliei-efore : 
P'(i'  =  Pa  =  x 
P'b'  =Pb  =  T'  Hiid 

PV  =  Pa,  giving  also  the  measiin'  «f  orien- 
tation (=  w)  of  the  perapcctive. 

The  construction  of  the  graphic  sei^^tor  (tig.  14]  \a  based  on  the  pre- 
ceding considei-ation,  and  it  serves  to  draw  from  the  station  point,  in 
the  plane  of  drawing,  the  various  horizontal  lUrections  to  secondary 
points  of  the  persiie^'tives. 

The  metal  plato  VSS',  shaped  like  a  sector,  can  he  revolved  in  the 
plane  of  drawing  iihout  the  center  of  a  strong  needle,  puncturing  the 
station  point  in  center  (r)  of  sector, 
This  needle  passes  through  an  oblong 
opening  (of  the  same  width  as  the 
needle)  of  a  tevolvable  button,  r, 
secured  in  V,  and  through  a  similar 
slot  in  the  metal  pinte  V  S  S"  at  V, 
The  metal  ruler  A'  R'  is  revolvabto 
about  V,  glidiug  with  the  end  h'  over 
the  arc  N  >S"  of  the  sector,  and  the 
tiducial  edge  of  the  ruler  passing 
through  the  center  of  1'. 

This  ruler  is  secured  t«  the  revolv- 
able  button  r  by  means  of  a  cylinder, 
the  bottom  of  which  nlso  hears  a  slot 
similar  to  those  in  the  button  and  sec- 
tor plate. 

Wlien  the  ruler  and  button  are  in 
a  certain  ^wsftion  the  three  slots  in 
sector  plate,  button,  and  ringof  ruler 
'  will  coincide,  aud  the  needle  can  be 
inserted  into  the  station  point  under 
r,  the  center  of  i-otation.  through  the 
three  slots.     By  a  quarter  turn  of  the 
button  r  the  needle  will  become  in- 
closed in  a  squiu-e,  of  which  the  needle  circumference  forms  the  inscrribed 
circle.    The  entire  instrument  can  now  be  revolved  about  the  needle 
center  in  V. 

The  lever  screw  m  serves  to  move  tlie  prolongation  arms  n  «'  in  a 
suitable  slide  in  the  direction  of  the  middle  line  of  the  sector.  The 
axis  of  this  instrument  coincides  with  that  radius  of  the  sector  wliich 
falls  together  with  the  middle  line,  pa.ssing  through  the  center  of  I'. 
The  steel  ruler  T  is  perpendicular  to  this  axis,  and  is  secured  to  the  pro- 
longation arms  h  n';  it  can  be  moved  up  or  down,  while  maintaining  a 
position  perxteudicular  to  the  a>iis  of  the  instrumeut,  by  means  of  the 
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screw  m  to  positions  parallel  to  eacih  other.  During  such  movements 
of  Tthe  ruler  ends  0  and  0'  glide  over  two  graduated  metal  strips  w  u\ 
which  are  parallel  to  the  axis  of  the  instrnment  and  upon  which  the 
distance  of  a  line  coinciding  with  the  fiducial  edge  0  0'  of  T  from  the 
center  of  the  needle  in  V  can  be  read  olf  to  O'l"'"'. 

If  the  edge  0  0'  of  the  steel  ruler  Tis  brought  to  a  distance  =/  from 
the  camera  station  in  center  of  V  (by  means  of  the  screw  m)  it  will 
represent  the  line  of  horizon  or  the  horizontal  projection  of  a  perspec- 
tive, obtained  with  the  focal  length  =/  (in  inverse  position,  like  the  line 
of  horizon,  viewed  upon  the  ground-glass  plate  of  the  camera). 

The  jwint  P,  intersection  of  the  axis  of  the  instrument  with  0  0',  is 
the  principal  point  of  view,  and  it  is  accentuated  by  a  small  conical 
cavity  to  receive  the  point  of  one  arm  of  the  divider. 

The  screw  e  serves  to  giye  the  steel  ruler  T  a  permanent  position 
after  it  has  been  brought  to  the  desii*ed  distance  from  the  center  of 
rotatiou  V.  Two  thumbscrews  W  and  W  (into  which  fine  needles  can 
be  inserted  and  held  in  place  by  clamp  screws)  serve  to  secure  the  metal 
sector  in  any  desired  position  upon  the  drawing  board.  The  arc  8  8'  of 
the  sector  is  graduated  to  ten  minutes  and  the  zero  of  this  graduation 
coincides  with  the  axis  V  P  of  the  instrument,  giving  readings  from 
Oo  to  250  on  either  side  of  F  P  upon  this  arc. 

The  ruler  or  alidade  R  R'  bears  a  vernier  to  read  fractions  of  the  arc 
graduation.  It  is  graduated  to  read  half  minutes.  Tlie  thumbscrew 
(clamp  screw)  Z  of  the  alidade  has  a  counterplate  at  its  lower  end  and 
it  serves  to  secure  the  end  R'  of  the  alidade  upon  the  arc  of  the  sector 
and  upon  the  steel  ruler  T. 

In  order  to  draw  the  lines  of  direction  upon  the  construction  board 
to  a  point  of  the  terrene,  the  picture  of  which  has  been  selected  and 
marked  upon  the  jierspective,  the  instrument  is  pla<'ed  with  its  center 
of  rotation,  F,  over  the  needle,  marking  the  camera  station  on  the  board 
and  giving  the  button  r  a  quarter  turn  (care  must  be  taken  that  the 
side  bearings  of  the  button  r  of  the  instrument  have  no  loose  play 
about  the  needle),  then  O  0'  is  moved  by  turning  the  screw  m  until  O  0' 
is  distant  from  center  of  F=/,  whereupon  the  orientation  of  the  instru- 
ment is  accomplished  as  follows : 

FP  is  directed  to  bisect  a  plotted  triangulation  point,  the  image  of 
which  ap^iears  on  the  perspective  with  sufficient  distinctness ;  its  abscissa 
is  taken  from  the  print  by  means  of  a  pair  of  dividers  and  plotted  in 
the  inverse  direction,  upon  the  line  0  0',  from  the  puncture  in  P;  the 
alidade  i^i^Ms  now  gently  brought  into  contact  with  the  other  point 
of  the  dividers  and  secured  in  this  position  by  clamping  the  screw  Z. 
Now  the  entire  instrument  is  revolved  about  F  until  the  other  end  R 
of  the  alidade  bisects  the  plotted  point.  The  instrument  is  held  in  this 
position  by  ])ressing  the  small  needles  TFaud  IF'  into  the  drawing  board ; 
the  end  R'  of  the  alidade  is  now  released  and  the  abscissae  of  all  the 
desired  x>oints  of  the  perspective  are  transferred  to  the  drawing  along 
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the  line  O  0'  from  P,  by  means  of  the  dividers,  in  their  successive  order, 
but  in  inverse  direction  (the  fiducial  edge  of  the  alidade  being  gently 
brought  into  contact  with  the  divider  iK>int  each  time),  and  the  lines  of 
direction  are  drawn  with  a  sharp  ]>encil  along  the  fiducial  edge  of  the 
alidade  end  R. 

Should  the  image  of  the  triangulation  point  appear  blurred  \\\iO\\  the 
perspective,  the  instrument  will  have  to  be  oriented  upon  the  drawing 
by  means  of  the  angle  of  orientation  =  ai  of  the  perspective,  which 
angle  is  taken  from  the  field  book  (Model  No.  1*,  Supplement).  The  end 
R'  of  the  alidade  is  placed  and  secured  in  such  a  position  that  the 
alidade  R  R'  forms  the  angle  m  with  the  axis  VP  of  the  instrument, 
which  angle  is  read  off  (in  the  inverse  direction)  on  the  arc  SS'  of  the 
sci^.tor.  The  instrument  is  then  revolved  about  the  needle  in  T,  tlie 
same  as  before,  until  the  end  R  of  the  ruler  passes  through  the  trigo- 
nometrical point  in  question.  The  instrument  is  then  secured  upon 
the  board  in  this  position  by  means  of  the  screws  W  and  W  and  the 
horizontal  directions  are  drawn  to  the  secondary  points  along  R^  in  the 
manner  just  described. 

If  a  plate  has  been  exposed  while  the  vertical  wire  bisected  a  trigo- 
nometrical point,  the  orientation  of  such  perspective  is  accomplisbed 
by  making  the  zero  of  alidade- vernier  coincide  with  the  zero  of  the  arc 
graduation,  *S'  /S",  clamping  R  R'  in  this  position  and  directing  the  end  R 
to  bisect  the  plotted  trigonometrical  point  in  (question. 

Should,  finally,  the  persi)ective  contain  no  images  of  points  previ- 
ously located  and  plotted,  then  the  zero  of  alida<le  is  again  made  to 
coincide  with  the  zero  of  the  arc  graduation  and  the  instrument  is 
revolved  about  the  center  of  the  needle  until  the  fiducial  edge  R  of  the 
alidade  coincides  with  a  line  (which  had  been  drawn  by  means  of  the 
previously  described  protraetor)  which  forms  an  angle  in  the  station- 
point  V  with  the  direction  to  a  triangulation  point,  which  is  equal  to 
the  angle  of  orientation  (  =  «*)  of  the  plate  and  which  is  taken  from  the 
field  notebook  (Model  No.  1,  Supplement). 

After  the  horizontal  dkections  have  been  drawn  to  the  difierent 
jwints  of  the  panorama,  they  are  provided  with  numerals  or  symbols 
corresponding  with  the  characters  affixed  to  the  points  ui>on  the 
panoramic  views,  in  order  to  facilitate  their  identification  when  seek- 
ing for  the  subsequent  intersections  with  lines  to  the  same  points  from 
other  camera  stations.  In  this  manner,  shown  in  the  preceding,  the 
positions  of  the  secondary  i>oints  in  the  plan  of  the  drawing  are  secured 
by  intersections,  which  will  serve  to  make  up  the  control  of  the  map. 
It  is  well  to  transfer  to  the  fair  drawing,  by  means  of  tracings,  which 
are  oriented  by  the  plotted  trigonometrical  points  and  previously 
located  panorama  stations,  all  the  different  points  obtained  by  inter- 
sections upon  the  construction  board,  in  order  to  erase  therefrom  all 
lead  pencil  lines,  which  served  for  their  determination  and  to  obscure 
the  subsequent  constructions  for  the  positions  of  other  points  of  the 
terrene  as  little  as  possible. 


Chapter  V. 


THK   HTPHOMBTItlCAI.   WORK. 

After  the  position  of  tlie  most  importaut  points  of  tlie  second  order 
is  well  under  control  it  remains  to  ascertain  tlie  elevations  of  the  vaci- 
oas  station  and  secondary  points  of  the  perspective)^,  in  order  to  enable 
the  draftsman  to  interpolate  the  contours  between  tliese  points. 

By  means  of  the  graphical  liypsometor,  figure  15,  the  elevations  of  the 
plotted  camera  stations  can  be  ascertained,  by  means  of  their  graph- 
ically measured  distances  from  triangulatiou  ]>oiuts  and  tlie  eorrespond- 
ing  angles  of  elevation  of  said  points  (measured  with  the  theodolite), 
which  are  recorded  in  the  field  not«:book 
(Model  N'o.  1,  Supplement).  The  elevations  of 
all  secondary  points  are  determined  with  the 
sameinstrument by  mcansof  their  graphically 
measured  distances  from  the  camera  station 
and  their  corresponding  ordioates,  y,  t^i  be 
measured  upon  the  perspectives. 

Two  rulers,  LL'  and  jlf  .1/'  (fig.  15),  can  be 
made  to  glide  with  their  ends  along  a  ruler, 
A  B,  but  always  maintaining  a  perpcndieular 
position  to  the  same,  for  which  pnrjKtse  their 
ends  are  secured  to  two  sleighs,  M'  and  L', 
which  glide  in  two  parallel  grooves,  g  and  t/', 
along  ^  B.  The  motion  of  X'  is  free,  and  is 
accomplished  by  pushing  the  button  O  up  or 
down  the  ruler  A  B. 

M'  is  provided  with  a  ratehet  and  screw  P. 
By  turning  the  latter  in  one  direction  or  the 
other  the  ruler  ^fM'  is  gradually  moved  up  or 
down  A  B,  the  latter  being  provided  with  a 
row  of  fine  teeth  into  which  tlie  ratehet  wheel  ""' "' 

of  M'  bites  while  P  is  being  revolved.  The  alidade  ruler  d'd  is  securi'd 
with  one  end,  d,  in  V,  in  such  a  manner  that  d'd  ean  be  revolved  about 
tbeaxisof  Tits  a  center,  while  the  other  end,  <?',  passes  over  a  graduated 
aTf,Gtiff',  Theplugin  Fissimilarlyconstrueted to tlieouein  T"ofthe 
graphind  sector,  figure  14,  previously  described  (it  is  provided  with  a 
revolv able  button  wliich  contains  a  slot  in  such  a  manner  that  the  ruler 
AScauberevolvedsimultaneoiisly  with  the  alidade  (f'fl  about  a  needle, 
marking  the  station  point  on  the  construction  board).     lu  this  instru- 
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ment  tin*  i^hi.tj:,  tlh»  revolvable  button,  iiud  tlie  alicUylo  have  each  a  slot, 
which  intersoct  each  other  in  the  center  of  rotation  T,  and  through 
wliich  the  needle  can  be  passed  when  they  have  a  (»ertain  i)osition  and 
then  be  secured  in  ]>hice  by  a  quarter  turn  of  the  button.  The  entire 
instrument  can  be  revolved  about  the  needle,  the  center  of  which  lies  iu 
the  directions  of  the  fiducial  edges  of  the  ruler  A  B  and  alidade  (Vd, 

The  alidade  is  i)rovid(»d  with  a  vernier,  «,  graduated  to  re^  half 
minutiis,  on  the  graduation  of  the  limb  G  (j  g'.  This  vernier  serves  to 
lay  oft'  angles  from  Tbetween  the  fiducial  edges  of  -^l  U  and  d'd.  When 
d'd  is  brought  close  to  and  in  contiict  with  A  /i,  the  zero  of  the  vernier 
n  and  the  zero  of  the  arc  graduation  will  coincide.  The  axis  of  this 
instrument  is  represented  by  that  edge  of  A  B  (lying  toward  d'd)  which 
passes  through  the  center  of  rotation  T,  and  which  passes  through  the 
zero  of  the  graduated  arc  (i<jg';  it  also  passes  tlirough  the  i)oint  p  of 
the  line  pq^  which  is  marked  upon  tlie  ruler  MM',  This  line  pq  corre- 
sponds with  the  zero  of  a  vernier,  h',  which  is  attached  to  the  ruler  MM' 
and  which  glides  along  the  groove  <j  when  MM'  is  moved  up  or  down 
AB.  A  B  has  a  millimetre  graduation,  and  by  means  of  the  vernier  n' 
the  distance  of  the  line;?  q  from  center  of  T'  can  be  read  to  0.1"'™. 

When  this  line  jf>  q  is  brought  to  the  distance  =/from  T',  by  means  of 
the  fine  ratchet  movement  at  J/',  the  line  pq  can  be  regarded  as  the 
axis  of  abscissa*  drawn  upon  the  perspective,  while  the  point  P  repre- 
rents  the  princi])al  point  of  view  of  the  perspective  (see  fig.  5). 

In  this  case  the  line^>  q  can  also  be  regarded  as  the  axis  of  the  ordi- 
uates  of  the  perspective  mn  (tig.  o),  provided  the  vertical  plane  (con- 
taining VP  and  axis  of  ordinates)  is  supposed  to  be  rotated  about  VP 
until  it  coincides  with  the  horizontal  pLme  VPO. 

The  i>oint  j>  is  marked  upon  the  line  p  q  (in  the  same  way  as  described 
for  the  sector)  by  a  small  puncture,  which  serv^es  to  receive  one  point 
of  the  dividers,  when  such  are  used  to  lay  off  the  abscissae  and  ordi- 
nates, taken  from  the  persi)ectives. 

After  ^  q  has  been  secured  at  a  distance  =/ from  the  center  T'^and 
the  abscissa  a?  of  a  point  a,  taken  from  the  perspective  m  ?i,  has  been 
transferred  to  the  line^>  q  from  />,  the  second  point  of  the  dividers  upon 
pf/ will  represent  the  horizontal  projection  a'  of  the  iM)int  a.  If  we  now 
move  the  alidade,  d'd,,  until  its  fiducial  edge  touches  the  second  point  of 
the  dividers,  the  triangle  formed  by  the  edge  of  the  alidade  d'd^  the 
edge  of  the  ruler  A  By  and  line  a' p  will  represent  the  triangle  T Pa'  of 
figure  5. 

The  end  d'  of  the  alidade  is  provided  with  a  steel  index  mark,  i 
which  can  be  moved  along  d'  d  by  means  of  a  revolvable  button,  IJy  a 
rat(jhet  movement,  and  teeth  in  a  groove  along  d'  d.  If  this  index 
mark  is  moved  to  a'  (the  intersection  of  fiducial  edge  of  the  alidiule 
and  line  p  q  on  M  M')^  the  distance  Va'  cut  oft' on  d'  d  will  represent  the 
horizontal  distance  of  the  point  a'  of  the  persi)ective  from  V  {i,  e.,  the 
value  d  in  figure  5). 
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Maintaining  this  index  mark  i  (fig.  15)  in  this  position  on  d^  d  and 
revolving  d'  d  about  T" until  its  fiducial  edge  coincides  with  the  edge  p  V 
of  A  B  (i.  e.,  with  the  axis  of  the  hypsometer)*,  then  moving  the  ruler 
M2r  away  from  V  (by  turning  the  ratchet  button  P)  until  the  line  j?  q 
coincides  with  the  index  mark  /,  we  will  have  transferred  the  distance  d 
(fig.  5)  upon  the  hypsometer  axis;  we  will  have  brought  the  line  p  q 
(engraved  upon  MM')  to  a  distance  from  the  center  of  rotation  (of  the 
needle)  in  V  equal  to  J,  and  by  transferring  the  ordinate  y  (fig.  5), 
measured  on  the  perspective  m  n  with  a  i)air  of  dividers,  upon  the  line 
pq  (while  the  latter  is  still  in  the  position  just  described),  by  inserting 
one  point  of  the  dividers  into  the  cavity  p  and  bringing  the  fiducial 
edge  of  the  alidade  d'  d  gently  into  contact  wdth  the  orther  point  of  the 
dividers,  resting  on  the  line  p  q  (fig.  15),  then  the  triangle  Vp  a  of  the 
hypsomet^er  will  also  represent  the  vertical  triangle  F  a'  a  of  figure  5, 
except  that  it  is  now  turned  about  Fa',  as  axis,  into  horizontal  plan. 

The  movable  ruler  L  L%  which  will  always  remain  perpendicular  to 
the  hypsometer  axis,  consists  of  two  plates  joined  firmly  together  at 
their  ends,  between  which  the  alidade  d'  d  (fig.  15)  can  glide  when 
revolved  about  Y.  The  upper  plat«  of  L  L'  is  slotted  like  the  handle 
of  a  penknife,  and  the  edges  L  L  and  L  L'  are  beveled  and  provided 
with  a  millimetre  graduation,  the  numerals  of  which  correspond  with  a 
scale  of  1 :  50000  (50  m  =  1  mm).  A  ratchet  screw,  c,  serves  to  move  a 
plate  {K  0  K')  with  two  index  marks  K  and  ii',  which  can  be  made 
to  coincide  with  the  intersections  of  the  fiducial  edge  of  the  alidade 
d'  d  and  the  two  sharp  graduated  edges  L  L  and  L  L'.  The  index 
plate  K  0  K'  also  has  a  double  vernier,  m",  on  the  opposite  side  of 
the  ratchet  screw  c,  graduated  to  read  5^-"'™  (i.  e.,  to  read  metres  for 
the  TirJ-o-o  scale)  in  connection  with  the  millimetre  scales  L  L  and  L  L', 

When  the  zeros  of  this  double  vernier  n"  coincide  with  the  zeros  of 
the  graduated  edges  L  L  and  L  L'^  the  marks  of  the  double  index  K  and 
K'  will  coincide  with  the  edge  V p  of  A  B  (i.  e.,  with  the  axis  of  the 
instrument)  and  also  with  the  fiducial  edge  of  alidade  d'  </,  the  zero  of 
the  vernier  n  of  the  alidade  also  coinciding  with  the  zero  of  the  arc 
graduation  O  g  (f  (i.  e.,  the  fiducial  edge  of  d  d'  will  fall  together  with 
the  axisjp  Fof  the  instrument). 

In  figure  5  A  represents  a  point  of  the  terrene,  the  image  of  which 
is  designated  by  a  in  the  perspective  m  n.  If  A'  is  tlie  projection  of  A 
in  the  horizontal  plane  passing  through  F,  then  A  A'  will  represent  the 
difference  of  elevation  =  L  between  the  points  A  and  F.  V  A'  will  be 
the  horizontal  distance  =  D  of  the  point  A  from  the  camera  station  F, 

which  distance  is  represented  by  ^^Trr^j^r.  for  a  scale  of  map  of '1:50000. 

50000 

Returning  to  figure  15,  we  imagine  the  hypsometer  revolved  about  the 

needle  center  in  F  until  the  hypsometer  axis  p  V  passes  through  a 

plotted  point  A'  in  the  drawing.    If  the  ruler  M  M'  had  previously  been 

secured  in  such  a  position  that  the  distance  of  p  from  F=  e2  and  if  dd' 
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had  been  set  to  lay  oif  the  onliuate  y  upon  p  q  from  j;,  and  if  we  now 
brin<(  the  index  mark  K  in  a  position  to  mark  the  intersection  of  the 
fiducial  edge  of  tlie  alidade  with  the  edge  L  X,  then  the  triangle  VA  A' 
(fig.  15)  will  also  represent  (in  the  scale  of  1 :50000)  the  triangle  VA'  A 
of  figure  5.    The  index  mark  K  indicating  on  the  edge  L  L  the  length 

50(R)0'  ^^^  ^^^^  ^'^^^  ^^*^  difference  of  elevation  between  the  point  A  and 

camera  station  Vhy  reading  the  corresi^onding  vernier  w". 

The  triangles  l"j>  a  and  V  A'  A  (fig.  15)  being  similar  ones,  we  will 

have: 

A  A'  _ra       y 

VA'-'  Vp  -rf 


we  f(mnd  (page  58). 


lience 

and  as  V  ^^'  =  ^a{\a{s*  ^^  have 


y  _L 

d  - 1) 

AA'_L 

VA'  -  7> 


A  A' ^' 

^^  ^  —  501)00 

X  =  50000x.l  A'. 

Tlie  numerals  of  the  graduation  of  the  edges  L  L  and  L  L*  and  of 
the  double  vernier  n"  give  the  value  A  A'  multii)lied  by  50,000,  which 
is  the  difference  of  elevation. 

It  has  been  previously  shown  (page  58)  that 

L      y 

A  A' 
and  therefore  tan  «  =  y  a, 

Hence,  if  we  have  the  angle  of  elevation  of  a  point  A  of  the  terrene 
we  need  only  to  lay  off  this  angle  upon  the  graduated  arc  O  g  g'  hy 
means  of  the  alidade  vernier  w,  from  </,  and  place  the  index  mark  K 
ui)on  the  intersection  of  the  fiducial  edge  of  alidade  and  edge  L  L  (the 
instrument  having  been  placed  uixm  the  drawing  in  such  a  i)Ositiou 
that  the  hypsometer  axis  passes  through  the  i)lotted  point  A')^  and  then 
read  off  on  L  and  corre8i>onding  vernier  n"  the  ditt'erence  of  elevation 
between  camera  station  and  point  A. 

This  case  becomes  very  much  8imi)lified  when  the  imago  A'  of  A  is 
bisected  by  the  vertical  thread  of  perspective  (axis  of  //),  as  tliiMi: 

x  =  o  and  d  =,/'. 

The  alidade  is  placed  so  as  to  lay  off  the  ordinate  y  of  the  point  a 
upou2>^  from  j>,  after  the  ruler  M  M'  had  been  secured  in  a  position  at 
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a  distance  ^=/ from  V;  then  the  index  mark  ^  or  ii' is  brought  into 
the  point  of  intersection  of  tl|e  fiducial  edge  of  d  d\  witli  edge  L  Lov 
L  L' of  the  ruler  i>i'  (theaxisofhypsometerpassingthrough  the  plotted 
X)oint  A')^  and  the  difference  of  elevation  between  A  and  T'is  read  off 
either  on  the  vernier  corresponding  to  the  graduation  L  L  ot  to  the 
graduation  L  L\  The  correction  for  curvature  and  refraction  to  be 
apphed  to  these  diilerences  of  elevation  is  taken  from  the  ordinary  field 
tables. 

A  8X>ecial  list  (Model  No.  2,  Supplement)  is  made  for  the  secondary 
I>oint8,  in  which  they  are  tabulated  according  to  the  numerals  or  sym- 
bols with  which  they  were  characterized  on  the  perspectives,  and  they 
are  catalogued  according  to  the  panorama  and  perspective  to  which 
they  belong.  This  list  also  contains  the  differences  of  elevation  between 
them  and  the  two  or  more  stations  whence  they  were  determined,  as 
well  as  their  absolute  elevations,  the  latter  being  the  mean  of  the  values 
obtained  from  the  different  stations  and  corrected  for  curvature  and 
refraction. 

The  elevations  of  the  camera  stations  are  the  mean  results  of  the 
values  obtained  by  adding  or  subtracting  the  difference  of  elevation 
(obtained  by  means  of  the  gra])hical  hypsometer)  to  or  from  the  known 
elevations  of  the  triangnlation  points  ( using  the  vertical  angles  observed 
with  the  theodolite  and  the  graphically  measured  horizontal  distances 
between  plotted  camera  station  and  triangnlation  points). 

After  the  secondary  points,  including  their  subscribed  elevations,  have 
been  transferred  from  the  construction  board  to  the  final  plan,  it 
remains  only  to  interpolate  the  contours  between  these  points,  in  har- 
mony with  the  affixed  figures,  to  sketch  in  the  details  and  everything 
that  is  needed,  and  to  give  the  terrene  its  proper  character,  all  based 
upon  frequent  reference  to  the  perspectives  of  the  terrene  in  question. 

(JONOLUSION. 

As  the  work  at  a  phototopographic  station  can  be  finished  \vithin  an 
hour  or  an  hour  and  a  half,  and  as  two  or  three  well-selected  stations 
will  control  the  horizontal  and  vertical  representation  of  an  extended 
area,  the  fieldwork  will  take  no  more  time  for  a  detailed  survey  than 
for  a  general  survey,  as  the  perspectives  will  be  the  same  for  both. 
The  difference  in  the  time  needed  for  obtaining  a  more  or  less  detailed 
topographic  map  depends  upon  the  office  work  only,  every  ]>an()rama 
giving  the  means  to  construct  therefrom  an  unlimited  number  of 
horizontal  directions  from  the  camera  station  to  surrounding  points,  as 
the  number  of  secondary  points  selected  from  the  perspectives  can  be 
increased  indefinitely  to  the  limit  of  the  patience  and  ability  of  the 
draftsman. 

The  panoramic  perspectives,  however,  are  not  only  important  aids 
for  the  construction  of  the  map,  but  they  can  also  serve  as  subsequent 
checks  upon  the  work  of  the  draftsman,  and  if  they  are  preserved, 
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together  with  the  catalogues  coutaiuiiig  the  numerals,  symbols,  etc.,  of 
their  secondary  points,  tlieir  elevatitms,  etc..  they  can  serve  for  future 
illustrations  of  the  mapjKid  terrene,  giving  the  relief  modeler  imiwrtant 
details  to  enhance  and  complete  the  natural  character  of  the  model,  etc. 

From  the  foregoing  it  is  evident  that  phototopography  is  esi>et*ially 
well  adapted  for  topographical  surveys  of  mountainous  regicms,  as  the 
ordinary  topographical  methods  for  such  regions  can  be  carried  on 
only  during  a  few  summer  months  each  year  with  advantage.  Even 
in  favorable  seasons  the  weather  will  be  very  vacillating;  clouds  will 
obscure  during  the  warmer  hours  of  nearly  every  bright  day  the  more 
elevated  peaks,  winds  will  carry  misty  vapors  from  one  valley  to 
another,  etc.,  so  that  the  camera  can  obtain  in  a  short  bright  interval 
more  topographical  data  than  could  be  obtained  in  weeks  of  time  with 
the  other  instrumental  methods.  Even  if  the  selected  camping  ground 
is  most  favorably  situated  for  the  work,  the  ordinaiy  toi>ographer  will 
have  to  traverse  long  and  difficult  distances  before  he  will  reach  a 
favorable  point  for  a  topographical  station.  He  can  not  leave  camp 
before  daybreak,  and  he  can  not  risk  a  late  return  on  account  of  the 
danger  to  life  and  limb  (not  mentioning  his  instruments)  attending  a 
tramp  through  rough  mountain  regions  by  night.  He  will  an*ive  at  the 
selected  station  in  a  fatigued  and  nervous  condition,  have  but  a  short 
time  to  siifend  there,  and  consequently  will  hurry  through  his  obser- 
vations. As  is  well  known,  the  topographer  can,  under  general  circum- 
stances, determine  prominent  points  by  the  intersections  of  horizontal 
directions  from  a  number  of  stations  or  by  telemeter  readings  from  one 
station.  In  order  to  secure  the  details,  however,  he  will  have  to  trav- 
erse the  country  quite  extensively  and  make  numerous  sketches  in 
order  to  give  it  the  proper  character  and  to  delineate  the  terrene  by 
horizontal  contours.  Not  many  horizontal  and  vertical  angles  can  be 
obtained  in  a  single  day  either  with  the  plane  table,  the  theodolite,  the 
tachemeter,or  other  instruments,  as  the  topographer  will  have  to  spend 
a.  good  deal  of  his  time,  at  the  station,  in  making  sketches  in  order  to 
identify  the  points  of  the  lines  of  direction  for  subsequent  lines  to  the 
same  objects  from  other  stations  (in  order  to  get  the  correct  intersec- 
tions). 

The  work  will  be  still  less  encouraging  if  the  use  of  the  telemeter  is 
depended  upon  to  determine  secondary  and  tertiary  points,  on  account 
of  the  slow  progress,  the  danger  to  life  and  limb  of  the  telemeter  men, 
etc.  If  we  add  to  this  the  low  temperature  and  snow,  it  will  be  impos- 
sible to  work  more  than  a  few  hours  at  one  station  with  the  ])lane 
table,  theodolite,  etc.,  to  get  directions  and  make  sketches.  It  appears 
certain,  at  best,  that,  under  the  conditions  which  always  prevail  in 
mountains  of  an  alpine  character,  the  positions  and  elevations  of 
prominent  points  only  will  be  determined  (and  often  only  such  as 
are  absolutely  necessary),  the  telemeter  will  be  discarded,  and  the 
characteristic  forms  of  the  terrene,  which  are  only  seen  at  a  distaucei 
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arc  sketchily  represented.  Jf  details  are  niaiiped  at  all  they  will  be 
unreliable,  and  the  hours  at  which  they  can  be  seen  to  the  best 
advantage  .are  few.  These  facts  render  topographic  surveys  of  such 
mountains  not  only  tedious,  difficult,  and  expensive,  but  also  unreli- 
able. They  explain  why  so  few  maps  give  the  true  representation  of 
such  regions,  and  they  also  show  the  great  advantage  to  be  derived  by 
applying  photography  to  the  surveys  of  all  regions  which  are  difficult 
of  access  or  inaccessible,  and  where  snow,  ice,  and  bad  weather  pre-, 
vail  the  entire  year.  The  photographic  perspectives  will  not  only  repro- 
duce the  terrene  before  one's  eyes  at  any  place,  and  at  any  time,  but  we 
can  also  construct  a  topographic  map,  based  on  such  views,  with  the 
utmost  correctness  that  may  be  <lenianded  by  science  or  industry.  It 
is  evident,  therefore,  that  phototopography  is  to  be  recommended  in 
the  following  cases: 

1.  For  all  mountains  of  an  alpine  character  where,  if  the  ordinary 
topographic  methods  are  followed,  the  lack  of  control  will  give  but 
mediocre  results. 

2.  For  extensive  scientific  expeditions  and  explorations,  for  recon- 
naissance in  times  of  war,  for  topographic  surveys  in  unhealthy  local- 
ities along  the  frontiers  of  belligerent  nations,  etc. 

3.  For  surveys  for  geological  studies,  for  projected  railroads  through 
mountains,  for  hydrographical  surveys  for  river  ameliorations ;  in  slwrt, 
for  surveys  for  all  purposes  where  correct  representation  and  charact3r 
of  the  terrene,  as  well  as  full  details,  are  desired. 

4.  For  naval  purposes  or  on  board  of  vessels  fitted  out  for  explora- 
tion9,  to  obtain  coast  views,  topographic  and  hydrographic  sketches 
of  hostile  or  barren  coasts.  (Two  or  more  shore  stations  are  selected 
from  the  deck  of  the  vessel  and  ])anoramic  views  are  taken  therefrom, 
care  being  had  to  include  in  these  perspectives  the  vessel,  anchored 
boats,  buoys,  moored  flags  and  other  secured  objects  which  served  to 
control  the  soundings,  simultaneously  carried  on  with  the  topographic 
survey.) 

A  special  apparatus,  for  use  on  shipboard,  has  been  invented  by 
Paganini.  It  furnishes  a  vertical  photographic  perspective  of  a  known 
focal  length  and  at  the  same  time  gives  the  magnetic  azimuth  of  the 
optical  axis  of  the  camera  for  each  perspective.  The  azimuths  of  all 
the  points  along  tue  coast  shown  on  the  perspective  can  be  taken 
directly  from  the  perspective. 

Pio  Paganini,  engineer  geographer  and. director  of  the  phototopo- 
grapliical  work  in  Italy,  in  a  report  recently  made  to  the  First  Geo- 
graphical Congress  in  Italy,  says  the  following,  relating  to  the  improve- 
ments of  his  camera  theodolite  (a  German  translation,  by  Fenner,  of 
this  report  has  been  published  in  the  Zeitschriffc  fiir  Vermessungs- 
wesen,  1892): 

The  principal  improvement  to  the  camera  theodolite  consists  in  droi>- 
ping  the  eccentric  telescope  of  the  theodolite  (Fig.  A)  and  changing  the 
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instruineiit  so  that  the  ^^ i)hotoijraplw'  camera  in  itself  iHU  tterve  as  a 
coitrally  located  telescope,^'* 

Pagaiiiiii  accomplished  this  by  replacing  the  grouud-glass  plate  of  the 
camera  by  an  opaque  plate  which  has  a  Kamsden  ocular  lens  in  the 
center.  This  new  apparatus  has  all  the  details  of  a  transit,  with  a  cen- 
trally located  telescope.  The  same  instrument  serves  to  obtain  the 
photographic  panorama  as  well  as  to  measure  the  horizontal  angles 
•necessary  to  orient  the  panorama  or  needed  for  the  determination  of 
the  camera  station  by  resection,  and  to  measure  the  vertical  angles  for 
the  determination  of  the  elevations.* 

The  plates  Nos.  G  and  7  of  the  new  map  of  Italy,  comprising  the 
terrene  to  the  nortli  of  Chiavenna  to  Spliigen,  were  obtained  in  1889 
by  means  of  the  former  instrument  (Fig.  A),  and  they  are  now  com- 
pleted and  have  been  published.  A  comparison  between  a  recent  edi- 
tion (scale  5iiJx?5,  with  contours  of  50  metres  interval,  excepting  the 
lowlands,  where  the  interval  is  10  metres)  and  the  adjoining  sheet  of 
the  Swiss  *^Dufour  Atlas"  shows  that  the  former  appears  to  represent 
the  terrene  more  true  to  nature,  and  although  the  Swiss  map  ranks 
higher  from  an  artistic  point  of  view,  it  also  evinces  a  certain  uniform 
undisputable  neglect  of  characteristic  topograi)hic  features. 

During  the  exposition  of  charts  and  maps  at  Vienna  (in  1891),  under 
the  auspices  of  the  Ninth  Congress  of  German  (xeographers,  this  Italian 
map  was  generally  praised  and  declared  by  competent  judges  to  deserve 
the  lirst  rank  above  all  other  exhibits. 

In  1890  Paganini,  assiste*!  by  the  toiM)grapher  liimbotti,  began  the 
work  of  phototopographing  the  elevated  parts  of  the  terrene  of  plate 
No.  29  of  the  new  Italian  map,  which  comprises  the  difficult  group  of 
Monte  Rosa,  with  elevations  of  4,0*00  metres.  They  used  two  instru- 
ments, one  of  the  older  pattern  and  one  of  the  latest  construction.  This 
work,  however,  had  to  be  interrupted  in  1891  in  order  to  do  "more 
important  work  for  military  purposes.'^  Paganini  also  mentions  that  he 
had  been  engaged  in  the  same  year  upon  an  "important  military  work,^ 
to  accomplish  which  he  doubtless  would  not  have  succeeded  without 
the  aid  of  photogrammetry. 

Concluding  his  report,  Paganini  made  some  very  interesting  remarks 
concerning  a  recently  invented  instrument,  which,  however,  is  not  yet 
constructively  lini8h(»d.  It  is  also  a  ph6tographic  instrument,  but  to 
be  used  on  shipboard,  and  which  he  terms  a  "photographic  aziniutale.'' 

Formerly  the  persi>ectives  used  to  illustrate  portions  of  the  coasts 
in  order  to  facilitate  the  identitication  of  such  portions  by  sailors  when 
approaching  the  coast  from  the  sea,  were  published  with  and  ui)on  the 
charts  or  in  the  coast-pilot  books.  They  were  obtained  in  the  follow- 
ing manner: 

From  the  deck  of  a  vessel  at  anchor  a  free-hand  perspective  drawing 
would  be  made  of  the  desired  jKirtof  the  coast,  including  all  prominent 


Paganini  proposes  to  itublisb  a  detailed  description  of  this  new  apparatus  shortly. 
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features,  ]>articularly  lighthouses  and  navigation  marks.  (The  use  of 
an  ordinary  camera  was  precluded  on  account  of  the  rocking  motion  of 
the  vessel.) 

The  angles  formed  by  the  lines  of  direction  from  the  vessel  to  the 
various  prominent  points  shown  in  the  ijerspective  were  measured  vith 
a  sextant,  and  the  local  magnetic  azimuth  of  one  of  these  lines  would 
also  be  determined  (giving  the  local  magnetic  azimuth  of  all  other  lines 
of  direction  to  points  on  the  perspective). 

These  magnetic  bearings  were  inscribed  in  the  drawing  above  the 
points  to  which  they  referred.  The  place  of  anchorage  had  to  be  deter- 
mined as  accurately  as  possible  and  plotted  upon  the  coast  chart. 

Such  perspectives  (it  is  said  that  Porro  showe^l  a  remarkable  skill  in 
making  such  views)  would  naturally  be  obtained  more  readily  and  far 
more  accurately  if  a  photx)graphic  instrument  could  te  constructed  to 
be  used  on  shipboard  for  this  purpose. 

Paganini  (having  been  an  officer  in  the  Italian  navy  until  1877)  had 
for  several  years  made  studies  and  investigations  with  the  above  object 
in  view,  particularly  since  the  instantaneous  prcK^ess  in  photography 
had  been  developed  to  the  present  degree  of  perfection. 

The  "photographic  azimutale,''  the  construction  of  which  is  now  well 
under  way,  if  not  alrea<ly  completed,  is  the  direct  result  of  Paganini's 
studies  in  this  direction.  This  instrument  can  be  called  a  transit;  the 
telescope  of  which  is  replaced  by  a  jihotographic  camera,  which  can  be 
converted  into  a  telescope  by  replacing  the  ground-glass  plate  by  an 
opaque  plate  with  an  ocular  lens  in  the  center.  This  instrumentdifters 
from  Pagauini's  latest  improved  camera  theodolite  by  its  mounting  and 
by  the  additional  attachment  of  a  dial  compass. 

Begarding  the  mounting  of  this  <*  photographic  azimutale,''  we  will 
say  that  it  rests  upon  a  plate  which  swings  in  gimbals;  both  are  con- 
nected by  a  central  clamp  screw,  which  has  a  heavy  weight  attachexl  to 
secure  a  permanent  horizontal  position  of  the  horizontal  limb  or  the 
vertical  position  of  image  plate. 

The  compass  resembles  the  Schmalkalder  or  azimuth  compass  and 
is  placed  centrally  above  the  liorizontal  plate  and  within  the  ring- 
shaped  alidade.  The  magnetic  bearing  of  the  optical  axis  for  every 
perspective  is  secured  by  photographing  directly  upon  the  image  plate 
simultaneously  with  the  picture  of  the  coast  (and  immediately  below 
the  vertical  wire)  that  part  of  the  compass  graduation  which  lies  in 
the  direction  of  the  view  photographed. 

The  zero  diameter  of  the  dial  compass  always  being  in  the  magnetic 
meridian,  the  compass  reading  designated  by  that  graduation  mark 
which  we  find  bisecrted  by  the  prolonged  vertical  thread  under  the 
picture  will  represent  the  magnetic  azimuth  of  the  optical  axis  of  the 
instrument  at  the  moment  of  the  exposure,  or  it  Avill  indicate  the 
angle  of  orientation  for  tlie  picture. 
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This  picture  of  the  compass  graduation,  caught  simultaneously  with 
that  of  the  coa^t  view,  is  obtained  by  means  of  a  small  secondary 
camera  placed  immediately  above  the  compass  and  below  the  miiin 
camera.  The  optical  axes  of  these  two  cameras  are  at  right  angles 
with  each  other.  The  image  of  the  compass  graduation  in  the  second- 
ary camera  is  reflected  by  m<»ans  of  a  suitably  placed  prism  ujwn  the 
image  plate  of  the  main  camera. 

In  order  to  obtain  the  pictures  of  both  cameras  simultaneously,  the 
shutters  of  both  are  operated  automatically  and  at  the  same  moment. 

The  "photographic  azimutale'' is  to  be  permanently  secured  to  the 
captain's  bridge,  forming  a  part  of  the  instiTimental  outfit  of  every 
naval  vessel.  By  replacing  the  gimbal  support  by  a  tripod  the  instru- 
ment can  be  used  for  work  on  land.  It  is  also  tested  and  adjusted 
on  shore  in  order  to  adjust  the  horizontal  thread  by  means  of  the  sea 
horizon. 

^aganini  mentions  that  this  instrument  is  well  adapted  to  photo- 
graph the  illuminated  sectors  of  light-houses  and  the  range  of  visibility 
of  navigation  marks.  He  also  believes  that  the  same  can  be  employed 
with  advantage  for  the  toi>ographic  and  hydrogi^aphic  surveys  of  har- 
bors, wharves,  seldom-frequented  coasts,  for  military  or  scientific  expedi- 
tions, for  the  determination  of  the  geographical  latitude  of  a  vessel's 
position  by  means  of  the  image  of  the  sun,  which  can  readily  be  obtained 
with  sufficient  sharpness,  including  the  illuminated  sea  horizon,  to  give 
good  results,  etc. 

From  every  picture  showing  the  image  of  the  sun  we  can  find  the  sun's 
declination  and  azimuth,  and  the  time  being  known  we  can  compute 
the  geographical  position.  Whether  such  semigraphical  determina- 
tions are  sufficiently  accurate  for  practical  use  and  whether  sextant 
observations  will  be  supplanted  by  these,  time  and  experience  can  only 
teach ;  at  present  there  are  no  comparative  results  to  communicate. 

The  preceding  chapters  show  that  photographic  surveying  is  being 
pushed  to  a  high  degree  of  perfection  in  Italy,  and  we  are  particularly 
indebted  to  Paganini  for  the  numerous  improvements  so  recently  made 
in  photographic  and  graphical  instruments,  including  methods  of  use 
for  topographic  and  hydrographic  surveys. 
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SUPPLEMENT. 


Model  No.  1. 


station  on  Punta  Bivula  {trig,  7)/.),  on  the  ridge  between  the  valleys  of  the  VaUataranche. 

and  Hemes, 

[September  18,  1884.] 


Orienution  of  thep.no-!    beffing"    °h'c1^rincipl    i  Focal  .lisUncc. 


Remarks. 


Punta  Gran  Paradiso: 
78°  27'  00'' 


Punta  Delia  Grivola : 
123°  47'  00'' 


P' 


P3 

P^ 

ps 

p« 

pio 


78       27        '        244-5 


mm 


114  27  ; 

150  27  ' 

186  27  I 

222  27  ! 

258  27  I 

294  27  1 

330  27  1 

6  27  I 

42  27  I 


!  Time  of  exposure: 
I  io»,    with    smallest 

I  diaphragm, 

I  No.  7. 

io«. 

9'- 

I2». 


lO". 

9'. 
io». 

lO". 
lO". 


Fine  weather. 


Directions  and  vertical  angles  of  the  trifronomet 

rical  points. 


Computation  of  elevation  of  station  and  elevation 
of  line  of  horizon. 


Station  upon  the  half-destroyed  signal.     Elev.  of  instr.  =-.  2'30™. 
Geodetic  point,  elevation    =3413*69"'. 
Elev.  of  instr.  =      2*30»". 
Elevation  of  lines  of  horizon  of  panorama  .- -34 15 -ggni:^  3416*0"'. 


The  adjoining  page  is  utilized  for  topographic  sketch  froti  station,  detailed  remarks,  names 
of  roads,  etc. 
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Model  No.  1. 

Station  on  Vunta  Perciaf  on  ridge  between  the  vallei/s  of  the  Vahararanche  and  the  livmcM, 

[September  19, 1884.] 


PcrsiJcilivcs  r\i-^^^i^„„  ♦,.   . 

Orientation  of  the  panf>-      helonKioR  fil^^J^^i?     p._.,  ,  .. 

,    nrl'J  point'"""-' ^^^^ 

I    panorama.  ' 


Remarks. 


Punta  dcir  Krbetet : 

0 

// 

Time  of  ex|)OSurc: 

282°  04'  cx/^ 

P» 

170 

00 

244*5'"*" 

•  • 

>  ^ 

()••   Shorter  exposure  I 
than  before  on 
account  of  the 
great  reflcciion 
of  surrounding 
glacier. 

!»« 

206 

00 

0  <!: 

7*. 

p.. 

242 

00 

8-. 

V* 

278 

00 

9*- 

I>ft 

314 

00 

*«  p 

lO*. 

IV, 

350 

00 

'5< 

8-. 

P' 

26 

00 

.5: 

<)■. 

P- 

62 

00 

9«.    Fine  weather. 

p« 

98 

09 

io».    Diaphragm    No. 

7. 

7'- 

pio 

184 

00 

I 

Directions  and  vertical  angles  of  the  trigonomet-    Computation  of  elevation  of  station  and  elevation  ' 

riral  points.  of  line  of  hori/on. 


Cima  di  Hreuil, 
Elevation, 

Punla  deir  Erbctet, 
Elevation, 

Cima  di  Nomenon, 
Elevation, 

Cima  di  Rouletta, 
Elevation, 

Punta  deir  Invergnan, 
Elevation, 

Cima  di  Toss, 
Elevation, 


o  /  // 

220  54  00 

I  33  00 

282  04  10 

3  36  30 

222  42  00 

'  I  38  30 


Elevation  Invergnan 
Diff.  of  clev.  -\-  corr. 


Elevation  Nomenon 
Diff.  of  elev.  -1^-  corr. 


o  44  30  I 

3  II  30     Elevation  Toss 

,  Diff.  of  elev.  -}-  corr. 

80  07  00 

3  42  00 

34  II  30  I  Elevation  Breuil 

o  30  30  i  Diff.  of  clev.  -f  corr. 


j  Elevation  Rouletta 
Diff.  of  elev.  ^  corr. 


m. 

360772 

406- 15 


3201  57 

348842 
28494 


3202  -48 

3302  24 
9984 


3202-40 

345462 
25  2  64 


Elev.  of  line  of  hori/on 


3201  -98 

=  3384  10 
=     18228 

3201  'S2 

=  3202  3 
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Model  No.  2. 


Elevations  of  secondary  points  of  the  panorama. 


Names  or  num- 
bers of  points. 

Stations  whence 

they  were 

derived. 

Elevations  of 
stations. 

DiflF.  of  eleva- 
tions. 

Elevation  of 
point. 

Remarks. 

• 

• 

S.  Ex.  19,  pt.  2 7 
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The  phototopogn^aphy  of  the  Bocky  Mountain  region  in  the  North- 
west Territory  of  the  Doniiuiou  of  Canada  proved  a  Hucvess,  and  several 
of  the  Domiuton  toitographie  and  laud  surveyors  (J.  J.  McArthor, 
W,  S.  Drewry,  etc.),  under  the  direction  of  the  surveyor  general,  Capt 
E.  Deville,  have  acquired  skill  and  vtUuable  experience  in  this  branch 
of  Burveyius,  as  is  well  proveu  by  Deville's  topographic  map  of  the 
Bocky  Mountains  along  the  Canadian  Pacific  Railroad,  based  ou  tri- 
angulation  and  pbototopography,  plotted  on  1 :  20000  and  published 
ou  1:40000'  scale,  and  which  v/aa  ou  exhibition  at  the  Columbian 
World's  Fair. 


TTnder  the  direoUon  of  Dr.  W.  F.  King,  Alaskan  boundary  comiuis- 
sioner  to  Her  Majesty,  pbototopography  has  been  successfully  employed 
for  the  topographic  survey  of  southeastern  Alaska,  as  fur  as  this 
topographic  rocoiinaissance  has  been  executed  uudcr  the  Government 
of  the  Dominion  of  Canada. 

The  views  taken  from  the  camera  stations  of  the  Domiiiiou  surveys 
arc  notcomiilete  or  fall  sets  of  jiiiaorainic  \'iews,  and  when  the  statious 
are  cloHe- together,  even  those  few  plates  which  are  ex^wsed  from  one 
station  do  nut  always  comprise  adjoining  pictures.  According  to  the 
desired  greater  vertical  or  horizontal  exteusion  of  the  view,  the  c-uuera 
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can  be  placed  with  either  the  long  or  short  side  in  an  upright  posi- 
tion ux)on  the  tripod. 

The  camera  is  a  rectangular  box  of  well-seasoned  mahogany  (fig.  16), 
strongly  bound  in  brass  and  very  carefully  constructed,  with  opposite 
sides  parallel  and  adjoining  sides  at  right  angles  to  each  other.  The 
camera  has  neither  telescope,  horizontal  nor  vertical  circles,  as  it  is 
used  in  conjunction  with  a  transit,  the  same  tripod  serving  for  both 
instruments.    All  angles  are  observed  with  this  transit,  either  before 


B 


Fig.  17. 

or  after  the  exposure  of  the  plates  has  been  made.  Care  must  be  exer- 
cised  not  to  disturb  the  tripod  when  changing  the  instruments.  The 
camera  is  secured  to  the  tripod  by  means  of  a  separate  triangular  sup- 
port (fig.  17);  the  three  screws  marked  a  serve  to  level  up  the 
camera  before  each  exposure  of  a  plate.  A  brass  plate,  with  two  spirit 
levels  placed  at  right  angles  to  each  othe;-,  can  be  attached  to  the 
uppermost  side  of  the  camera,  and  this  pair  of  levels  is  used  for  the 
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leveliug  up.    The  central  ciamp  screw,  by  serves  also  as  vertical  axis 
when  revolving  the  camera  in  azimuth. 

The  camera  box  ABC  (fig.  17)  is  provided  with  two  nuts  inserted 
into  and  made  flush  with  the  face  of  the  camera,  one  in  the  center  of  a 
small  side  and  the  other  in  the  center  of  an  adjoining  long  side.  These 
nuts  receive  the  central  clamp  screw,  b  (fig.  17),  of  the  triangular  camera 
support,  and  a  circular  brass  plate  inserted  into  these  same  sides,  with 
the  nuts  as  centers,  forms  the  bearings  for  the  three  camera  rests,  e 
(fig.  17),  when  revolving  the  camera  horizontally.  *The  clamp  screw,  6, 
of  the  camera  support  is  drawn  only  tight  enough  still  to  i)ermit  the 
camera  to  be  rotated  in  horizontal  plane,  and  after  the  double  levels 
have  been  inserted  into  the  slide  of  the  uppermost  side  of  the  camera, 
the  latter  leveled  up  and  oriented,  this  central  screw,  b,  is  tightened 

sufficiently  to  secure 
the  fixed  position  of 
the  camera  when  the 
sUde  is  drawn  and  the 
plate  exposed. 

Each  camera  is  pro- 
vided with  six  double 
plate  holders,  H  H 
(fig.  IG),  bearing  a 
number  on  each  side 
(from  1  to  12)  to  enable 
the  operator  to  keep 
trace  of  t!he  plates. 
The  latter  are  made 
by  B.  J.  Edwards  & 
Co.,  The  Grove,  Hack- 
ney, London,  England.  They  are  the  so-called  isochromatic  instanta- 
neous plates  of  4J  by  6J  inches  (old  English  half  plate),  all  of  one 
emulsion  and  made  as  uniformly  in  every  respect  as  possible.. 

Four  sets* of  teeth  (fig.  18),  each  set  about  one-eighth  of  an  inch  wide, 
are  securely  fastened  to  the  camera  box,  as  close  as  possible  to  the 
plate-holder  slides,  in  such  a  manner  that  the  lines  (horizon  and  x^rin- 
cipal  lines)  joining  the  middles  of  two  opposite  sets  are  parallel  to  the 
faces  of  the  camera  box.  These  metal  teeth  fi  U  h  U  (fig.  1^^)  are 
placed  close  enough  to  the  i>lates  to  give  sharp  and  well-defined  prints 
of  the  same.  After  the  camera  has  been  leveled  up  the  plates  are 
vertical,  the  line  ti  tz  is  horizontal,  U  U  is  vertical,  and  the  ''principal 
point"  (the  intersection  of  t\  U  and  t^  U)  is  in  the  optical  axis  of  the 
camera.  Capt.  E.  Deville  has  changed  these  teeth,  as  they  were  too 
long,  and  inasmuch  as  the  lens,  levels,  sunshade,  etc.,  are  carried 
within  the  camera  box  during  transportation,  and  the  jarring  motion 
to  which  the  pack  is  exi)osed  is  liable  to  dislodge,  or  at  least  to  bend, 
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tbe  teetb,  lie  advocates  tlieir  bein;;  placed  farther  back,  aa  ttliovn  in 
tlgnre  I8a, 

Some  of  the  Canadiau  cameras  have  a  revolvable  plate,  with  lens 
eccentrically  located,  so  that  tbe  width  of  the  picture  remains  the  aame 
throughout,  but  the  horizon  can  be  elevated  or  lowered  by  turning  this 
revolvable  plate.  This  plate,  being  of  wood,  swells  in  damp  weather 
and  then  cnn  not  be.  moved.  "Then,  too,  every  movable  part  of  an  instru- 
ment is  a  source  of  uneer-  .  g 
tain  errors.  Capt.  E,  De- 
villf's  experience  teaches 
that  tbe  best  results  are 
obtained  with  a  camera 
that  is  perfct^lly  rigid  in 
all  its  parts,  of  a  constant 
focal  length,  itnmovable 
lens,  situated  in  one-thinl 
the  length  of  one  short 
side  from  either  long  aide 

and  midway  bctwcim  two        

short  sides  of  the  camera  ^  D 

as  indicated  in  figure  1««, 

This  arrangement  will  enable  the  surveyor  to  elevate  or  depress  the 
horizon  by  resting  the  camera  on  the  face  A  li  or  C  1)  (flg.  ISii). 

A  square  diaphragm,  ah  e  d  (fig.  18),  placed  within  the  camera  box 
admits  only  the  light  needed  for  the  development  (ff  the  negative, 
excluding  side  lighta  or  rays  which  may  jKjssibly  be  refle<;ted  from  the 
camera  sides. 
A  small  mahog'vnj  box  \iith  a  shutter  made  like  a  Venetian  blind, 
cin  leadih  be  secured  to  the 
tube  of  the  camera  lens  in 
cvsi  it  becomes  necessary  to 
(xclnde  the  direct  sunlight 
and  sli  ule  the  lens  (fig.  1ft). 
The  eiinera  faces,  which 
are  provided  with  the  level 
attaehment(nandC,fig.l6), 
also  show  two  converging 
Imea  a  §  and  y  d  (side  C, 
flg,  10)  which  mdicito  tbe  r^nge  of  the  lens  in  honzontitl  and  vertical 
plane.  One  set  of  these  lines  will  appear  on  the  upper  face  (B,  fig.  IG) 
of  the  camera  when  in  use,  while  the  other  set  {a  (i  and  y  6,  side  C)  will 
appear  on  one  vertical  side.  This  arrangement  enables  the  surveyor 
to  see  what  part  of  tbe  panorama  he  is  taking  during  the  exposure 
by  sighting  along  the  two  lines  of  the  horizontnl  face,  and  also  up  and 
down  the  two  lines  a  /J  and  y  6  marked  on  one  of  tlie  vertical  faces  of 
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tbe  camera,  tliu»  dispeusiug  witli  the  uae  uf  tbv  grouud-glsa)'.  p)ate  and 
sliadeclotli  altogether.  Alter  the  cumera  has  been  oriented  by  means 
of  tbese  Bight  )iiie«  aud  leveled  up,  as  mentioned  before,  the  central 
clamp  screw  i^  tightened  and  tbe  piatie  exposed. 

The  leus  is  a  wide-angle  leus,  No.  la,  of  5g-inch  focus,  made  by  J.  H. 
Dallmeyer,  in  London.  It  really  i»  acoinbinationof  twosimihir  lenseii, 
between  which  the  diaphragm  is  inserted.'  The  aperture  of  tbe  latter 
(tbe  stop)  used  is  always  the  same  for  :ill  ])icturea.  That  end  of  the 
lens  tube  whicb  faces  the  negative  is  closed  by  a  planoparallol  plate  of 
a  yellow  or  orange  color  to  lessen  the  actinic  action  of  the  blue  and 
violet  rays  upon  the  isochromatio  plates,  thus  secaring  a  sharp  outline 
of  distant  mountain  ranges  and  ridges. 

With  the  plates  used,  this  lens  gives  an  angle  of  about  45°  for  the 
small  side  and  (iO^*  for  the  long  side  of  the  picture. 

The  camera,  six  double  plate  holders  {includiugtwelve  plates),  enn- 

abade,  levels,  camel's-haii'  brush  for  removing  dust  particles  from  the 

slides,  etc.,  are  securely  packed  into 

a  sole-leather  case,  which  has  straps 

]  attached  to  it  in  sucb  a  way  that  tbe 

.  whole  can  easily  be  carried  on  the 

back  like  a  knapsack. 

The  triangidar  support  of  tbe  cam- 

;  era  is  packed  with  the  transit,  and 

I  the  case  of  the  latter  is  also  inclosed 

I  in  a  eolo-leatber    knapsack,    with 

straps  for  the  extension  trijXKl,  both 

being  carried  together  on  tbe  back. 

The  cameras  are  ma<le  by  J.  H.  I>alhueyer,  No.  2.'>  Newman  street, 

London,  W. 

The  transits  and  tripods  are  matleby  Trougbtou  &  Sims.  13«  Fleet 
street,  Loudon,  B.  C. 

Every  evening  the  surveyor  replaces  the  esposeil  plates  in  his  dark 
tentby  new  ones,  using  a  ruby-colored  light.  He  marks  tbe  exjMsed 
plates  in  one  corner,  before  tbeir  removal  from  the  holder,  with  bis 
initials,  the  number  of  the  dozen  and  of  the  plate,  using  a  soft  lea^l- 
I)encU.  e.  g.,  Ill  5  means  plate  ISo.  5  of  the  third  dozen.  (The  plates 
are  packed  in  sets  of  a  dozen  each.) 

The  exposed  and  marked  plates  are  placed  into  a  donble  tin  bo.\ 
(flg,  20)  whicb  can  be  closed  hermetically  and  which  will  float  when 
filled  with  two  dozen  plates,  if  by  accident  it  slumld  be  thrown  into 
water.  These  boxes  are  shipped  to  tiie  bead  office,  in  Ottjiwa,  where 
the  plates  ai-e  developed  by  a  specialist  (Mr.  Topley). 

The  outline  sketches  of  tbe  different  i>ersi>ectiveH  are  designated  by 
the  same  numerals  as  the  plates  to  which  tbey  Itelong.  They  show  the 
peaks,  saddles,  and  points  to  which  bort/ontal  directions  were  taken 
with  the  transit  (or  altazimuth),  and  tbey  also  cottain  remarks  about 
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the  weather,  illuminatiou,  time  of  exposure,  uaoies  of  localities  and  fea- 
tares,  and  any  other  needed  dat^i. 

The  data  obtained  with  aid  of  the  transit  for  triangulation  purposes 
are  recorded  in  the  usual  manner. 

The  length  of  exposui*e  for  the  plates  is  determined  experimentally, 
as  it  may  be  assumed  that  the  same  length  of  exposure  will  suit  a 
similar  subject  under  similar  conditions,  with  a  light  of  equal  inten- 
sity, the  plates  being  all  of  one  emulsion. 

^  So-called  photometers  are  used  to  measure  the  intensity  of  the  light. 
They  Qonsist  of  an  en<lless  strip  of  sensitized  paper  incased  in  a  small 
metal  box — like  a  small  tapeline — a  short  portion  of  the  paper  being 
exposed  to  the  light  and  the  time  noted  (in  seconds)  which  it  takes  to 
bronze  the  exposed  part  of  the  paper.  The  nature  and  coloring  of  the 
subject  vary  but  little  in  phototoiK>graphy,  and  the  time  of  exposure 
should  be  regulated  with  reference  to  the  shadows  or  dark  colors  of 
the  distant  landscape;  the  darker  these  are,  the  longer  the  time  of 
exposure  should  be  (ten  to  forty  seconds). 

On  the  southeastern  Alaskan  boundary  survey,  Mr.  O.  J.  Klotz, 
Dominion  topographical  surveyor,  received  the  exposed  plates  from  the 
different  shore  parties,  and  by  way  of  test  developed  one  plate  out  of 
every  set  of  a  dozen  plates  in  a  dark  room  fitted  up  for  this  purpose 
on  the  steamer  Thistle  to  see  that  no  bad  plates  had  crept  in. 

The  other  plates  were  shipped  to  Ottawa,  where  the  photographic 
specialist  developed  them  and  also  made  the  enlarged  prints  (four 
times  the  size  of  the  original  negative)  on  heavy  bromide  paper,  which 
enlarged  prints  are  preferably  used  for  the  map  construction,  as  they 
permit  a  greater  precision  in  making  direct  linear  measurements  and 
the  drawing  of  construction  lines,  which  would  become  too  minute  and 
intricate  if  done  on  the  small  contact  prints.  However,  if  the  loss  of 
detail  becomes  a  serious  objection,  larger  cameras  should  be  used  or 
the  enlargements  should  be  made  on  glass.  Glass  transparencies 
(enlarged  from  the  small  negatives)  show  minute  details  in  the  shadows 
as  well  as  in  the  high  lights  and  assure  more  accurate  results,  there 
being  no  irregular  expansion  and  contraction,  as  will  always  be  more 
or  less  the  case  with  paper  prints.  The  only  objection  against  enlarge- 
ments on  glass  lies  in  the  fact  of  their  being  less  handy  in  manipulation 
during  the  process  of  the  map  construction  than  paper  ijrints.  Still 
the  latter  could  be  used  for  the  location  of  points  of  detail  and  minor 
importance,  while  all  data  forming  the  control  of  the  map  are  preferably 
deduced  from  the  enlarged  glass  prints.  Captain  Deville  is  greatly  in 
favor  of  dispensing  with  the  use  of  paper  prints  altogether,  and  advo- 
cates the  use  of  glass  enlargements  exclusively,  the  ensuing  loss  of 
time  being  outweighed  by  far  by  the  great  gain  in  accuracy. 

The  horizontal  angles  observed  with  the  'transit  (or  altazimuth)  to 
the  points  of  the  terrene  marked  on  the  outline  sketch  which  accom- 
panies each  negative  serve  not  only  for  the  orientation  of  the  horizontal 
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projection  of  the  plate  on  the  plan  (the  picture  trace),  but  they  also  aid 
to  counteract  in  a  measure  and  to  ascertain  the  distortion  of  the  paper 
printH.  The  vertical  angles,  with  the  plotted  distances,  are  used  to 
check  and  verify  the  position  of  the  horizon  line  on  the  different 
photographs. 

To  test  whether  the  plate  is  vertical  after  the  camera  has  been 
leveled  up  the  following  process  is  carried  out: 

Insert  a  piece  of  plate  glass  or  a  i)lano  parallel  mirror  of  4J  by  6J 
inches  into  the  plate  holder,  open  the  rear  slide  of  the  latter,  and  level 
the  camera  carefully.  Now  set  up  a  level  (altazimuth  or  transit,  with 
the  vernier  of  the  vertical  circle  set  at  0^)  near  the  back  of  the  camera 
and  revolve  in  azimuth  until  a  well-defined  and  distant  point  of  the 
landscape  is  covered  by  the  intersection  of  the  cross  wires  of  the  level 
telescope;  the  reflection  of  the  same  jmint  must  also  be  visible  in  the 
reflectiug  surface  at  the  back  of  the  camera  from  the  level  station.  If 
on  directing  the  level  toward  this  reflected  image  the  latter  is  also 


bisected  by  the  horizontal  wire  of  the  level  the  plate  in  the  camera  will 
be  vertical.    (See  fig.  21.) 

If  A  is  the  i)08ition  of  the  level  and  E  the  selected  point  of  the  ter- 
rene on  level  with  the  elevation  of  the  instrument  and  B  G  the  reflect- 
ing surface  at  the  back  of  the  camera,  then  the  line  A  E  will  be  hori- 
zontal, and  if  the  plate  B  C  is  vertical  E  will  be  reflected  in  B  C  at  1) 
and  I)  A  and  E  will  be  in  the  same  horizontal  plane. 

Should  the  top  of  B  C  be  inclined  toward  A  (as  in  fig.  21),  then  the 
ray  E  J)  will  be  reflected  in  the  direction  of  D  F,  and  the  reflected  point 
D  will  no  longer  be  bisected  by  the  horizontal  wire  of  the  level,  but 
will  fall  below  the  same.  Should  the  plate  B  C  incline  upward,  as 
shown  in  B'  C,  the  reflection  I)  ot  E  would  appear  above  the  hori- 
zontal thread  of  the  level  telescoi)e,  E  D  being  now  reflected  in  the 
direction  i>  G, 

Should  the  plate  be  thus  found  not  to  be  vertical  after  the  camera 
has  been  leveled  up,  the  luchnation  must  be  changed  by  means  of  the 
leveling  screws  o(  the  camera  until  D  falls  upon  the  horizontal  thread 
of  the  level  telescope,  and  the  level,  whicjh  is  at  right  angles  to  the 
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camera  plate,  must  now  be  adjusted  to  coulbrm  with  this  corrected  posi- 
tion of  B  C, 

The  plate  holders  mast  of  course  be  well  made,  aud  all  be  exactly 
alike,  so  that  the  above  conditions  are  fulfilled  by  every  one  of  them, 
and  that  the  distance  of  the  sensitive  plate  from  the  lens  be  the  same; 
i.  e.,  the  sensitive  surface  of  every  plate  should  fall  into  the  focal  plane 
of  the  camera  lens. 

The  focal  length  of  the  camera,  which  has  a  constant  value  for  every 
camera,  must  be  determined  directly  if  the  negatives  are  to  be  used  for 
plotting;  but  if  prints  are  to  subserve  the  construction  of  the  map,  this 
determination  should  be  made  from  a  print. 

It  has  been  previously  mentioned  that  the  prints  rarely  correspond  in 
size  with  the  negatives.  They  either  expand  orcontract,  sometimes  both, 
and  the  distortion  is  greater  in  one  direction  of  the  paper  than  in  the 
other.  If  this  dist^)rtion  is  uniform  in  all  directions  the  print  will  be 
similar  to  the  negative  and  correspond  to  the  perspective  of  the  same 
landscape  on  a  vertical  plane  (parall(»l  to  the  plate),  but  nearer  the  lens 
when  contracted  and  farther  from  the  lens  when  expanded.  The  prints 
have  either  a  shorter  or  a  longer  distance  line  (focal  length)  than  the 
camera  plate. 

As  (enlarged)  prints  are  used  for  the  map  construction  of  the  Cana- 
dian survey  in  southeaster u  Alaska,  the  constants  required  for  this  con- 
struction of  the  horizontal  plan  (i.  e.,  the  focal  length,  the  horizontal 
and  ])rincipal  lines)  are  obtained  from  such  a  print. 

This  is  done  by  taking  a  picture  of  some  large  building  or  jinfy  land- 
scape with  well-defined  points  from  a  station  of  which  the  distances  to 
said  points  are  known  or  can  be  ascertained  by  direct  measurements  in 
the  field.  From  the  same  station  vertical  and  horizontal  angles  are 
measured  to  the  selected  points,  and  the  i)oints  as  well  as  the  station 
are  plotted  on  a  sheet  of  paper,  and  radials  are  drawn  from  the  plotted 
station  through  the  selected  and  plotted  points  marked  on  the  print 
and  plotted  on  the  paper. 

On  a  strip  of  paper,  one  edge  of  which  is  made  perfectly  straight,  the 
points  marked  on  the  photograph  are  laid  off,  and  this  strip  is  moved 
over  the  plotted  radials  until  the  lines  bisect  the  corresponding  points 
marked  off  on  the  straight  edge.  A  line  is  now  drawu  along  this  edge 
on  the  drawing  sheet  and  a  perpendicular  dropi)ed  on  this  line  from  the 
plotted  station.     (See  fig.  22.) 

The  line  H  H'^  representing  the  paper  edge,  will  be  the  i)icture  trace, 
the  i)erpendicular  line  0  P  will  be  the  distance  line,  and  P  will  repre- 
sent the  horizontal  projection  of  the  princijial  i>oint. 

The  i)aper  is  now  again  laid  on  H IV  in  sucli  a  manner  that  the  radials 
bisect  the  points  marked  on  the  straight  edge,  and  P  is  marked  off  on 
the  latter. 

From  the  known  distances  of  the  reference  points  from  the  station 
and  their  vertical  angles  the  elevations  of  these  i)oints,  above  or  below 
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the  horizon  of  the  statiou,  are  computed  aud  laid  oft'  on  the  photograph. 
Tliis  will  enable  the  draftsman  to  draw  the  horizon  line  on  the  photo- 
graph, and  after  projecting  the  marked  reference  points  upon  this  line 
the  strip  of  paper  is  placed  on  this  line  in  such  a  manner  that  the  cor- 
responding points  cover  each  other,  and  P  is  ti^ansferred  to  the  picture, 
A  vertical  to  HH'  through  P  will  represent  the  principal  line  V  V  on 
the  print.  The  points  where  the  principal  and  horizon  line  bisects  the 
comb  marks  are  noted  and  will  serve  to  draw  these  lines  on  all  other 
similar  prints  without  any  new  determinations  being  necessary. 

In  order  to  lay  off  the  elevations  of  the  selected  points  above  or  below 
the  horizon  of  the  station  an  approximate  horizon  line  had  to  be  drawn 
on  the  photograph.  This  is  done  by  setting  the  vernier  of  the  vertical 
circle  of  the  transit  (which  replaced  the  camera  in  such  a  way  that  the 
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optical  axes  of  camera  and  level  telescope  were  in  the  same  horizontal 
plane)  at  0*^  and  noting  several  points  of  the  building  or  landscape 
which  were  bisected  by  the  horizontal  thread  of  the  tele8coi>e  while 
level  and  by  drawing  a  line  through  the  same  points  pictured  on  the 
photograph. 

PLOTTING. 


The  field  data  of  the  Canadian  surveys  in  Alaska  are  plotted  on 
a  scale  of  1 :  80000,  with  a  contour  interval  of  250  feet,  indicating  the 
1,000-foot  contours  by  heavier  lines. 

From  the  original  negatives  copies  are  made,  four  times  enlarged  on 
heavy  bromide  paper  (9J  by  13  inches),  which  are  used  for  the  construc- 
tion of  the  maps. 

The  triangulation  points,  obtained  by  means  of  a  4-inch  transit,  are 
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plotted,  and  their  elevations  (obtained  barometrically,  and  checked  by 
vertical  angles  whenever  convenient)  are  iidded  in  red  ink. 

Now  the  principal  line  and  the  horizon  line  are  drawn  on  the  prints 
through  the  proper  points  of  the  comb  marks,  or  in  proper  position 
with  reference  to  the  position  of  the  lens  during  the  exposure  of  the 
original  plate,  if  the  lens  was  attached  to  a  revolvable  plate,  an  arrange- 
ment not  approved  by  Capt.  K,  Deville,  as  a  surveying  camera  should 
be  rigi<l  in  all  its  parts  in  order  to  obtain  uniform  results. 

The  horizon  line,  obtained  by  means  of  the  comb  marks,  is  checked 
and  corrected,  if  necessary,  by  means  of  pictured  points  of  known  ele- 
vation, each  print  containing  two  or  more 
points  which  have  been  determined  trigo- 
nometrically  and  which  have  previously  been 
plotted  on  the  working  sheet  and  the  eleva- 
tions of  which  are  inscribed  in  red  ink. 

The  picture  traces  are  plotted  on  the  work- 
ing sheet  as  follows  (fig.  23) : 

Take  a  triangle  of  hard  rubber  or  wood 
and  mark  off  along  one  side  the  focal  distance 
of  the  print  a  b  from  the  right  angle  a,  and 
carefully  notch  b  so  that  the  center  of  a  needle  ^ 
inserted  into  this  notch  will  be  at  a  distance 
from  a  equal  to  this  focal  length.  From  the 
outline  sketch  select  a  point,  G  (fig.  23a),  to 
which  angles  have  been  read,  and  take  the 
abscissa  of  C=  Ca  Po  between  the  points  of 
a  pair  of  dividers.  Insert  a  fine  needle  into 
the  plotted  station  (/>,  fig.  23)  whence  the 
picture  was  taken  and  plac^e  the  triangle  notcb 
b  close  to  this  needle;  nowr  move  the  triangle 
with  the  loft  hand  so  tliat  the  line  of  direction 
to  the  i)lotted  i)oint  c  will  be  covered  by  the 
triangle,  and  with  the  right  hand  hold  the 
dividers,  moving  one  i)oint  over  this  line  of 
direction  until  a  cis  equal  to  C„  P^  (the  tri- 
aijgle  must  be  inoved  likewise  until  tlifs  takes  place).  The  triangle  is 
securely  held  in  this  position  and  linens  are  drawn  on  the  working  sheet 
ahmg  a  b  and  a  c;  prolong  a  c  beyond  a,  and  now  check  the  distance 
a  c  again  with  the  dividers  (to  be  =  C„  P^).  Then  b  a=^  horizontal 
projection  of  principal  ray. 

a  ^  =  horiz.  projection  of  picture  plane. 
=  H  W  =  picture  trace. 
a  =  principal  point. 

The  trace  of  the  principal  plane  (=  a  b)  is  only  marked  by  a  short 
line  bearing  an  arrow  pointing  toward  the  ])lotted  station  whence  the 
picture  was  taken,  and  the  point  a  is  marked  the  same  as  the  print  to 
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which  it  refers;  e.  g.,  Ill  5  (fig.  22).  The  prints  are  marked  with  the 
name  of  the  camera  station  whence  they  were  taken,  with  the  numerical 
designation  of  their  negative,  and  with  the  elevation  of  the  horizon 
line  above  the  datum  plane;  e.  g.,  N  Ny  III  2,  4,860,  means  name  of 
camera  station,  second  plate  of  third  set  of  a  dozen  plates  (or  really 
the  twenty-sixth  plate),  and  elevation  of  camera  horizon  =  4,8(50  feet 
above  mean  sea  level. 

After  the  traces  of  the  principal  and  corresponding  picture  planes 
have  been  plotted,  the  draftsman  selects  from  the  prints  a  pair  of 
photographs  which  are  represented  on  tlie  plan  by  their  traces,  taken 
from  two  different  camera  stations  and  overlooking  common  ground. 
On  these  pairs  he  identifies  as  many  points  as  possible,  marking  all 
corresponding  points  alike  with  numbers  or  letters  and  with  a  dot 
in  red  ink.  Of  course  such  points  are  chiefly  selected  which  indi- 
cate characteristic  features  of  and  changes  in  the  terrene  like  knolls 

and  dci)re8sions  in  ridges, 
peaks,  bends  in  streams,  coves 
in  the  shore  line  of  lakes  and 
rivers,  buildings,  etc. 

After  enough  pictures  have 
been  selected  to  develop  a 
certain  area  and  the  identifi- 
cation and  marking  of  corre- 
8X)onding  points  have  been 
(•ompleted,  projections  of  all 
these  points  on  the  horizon- 
line  are  marked  (their  ab- 
scissas are  measured)  and 
transferred  to  the  straight  edge  of  a  strip  of  paper,  including  the  prin- 
cipal point  of  every  photograph. 

These  strips  are  now  placed  upon  the  plotted  traces  {fig.  22)  to  which 
they  belong  in  such  a  manner  that  the  principal  points  of  tracic  and 
paper  strip  coincide,  and  in  this  position  they  are  held  on  the  working 
sheet  by  means  of  small  thumb  tacks  or  paper  weights. 

To  plot  the  horizontal  projections  of  a  j)oint  shown  and  marked  on 
two  prints  we  insert  two  fine  needles  into  the  plotted  stations  of  these 
two  prints  and  attach  a  fine  silk  thread  to  each  needle.  The  other  end 
of  the  thread  is  connected  with  a  small  paper  weight  by  means  of  a  thin 
rubber  band  (fig.  23^^). 

The  weighted  thread  attached  to  station  needle  I  is  now  moved  over 
the  weighted  strip  (indicating  the  i)icture  trace)  until  it  bisects  the  pro- 
jection a^  of  the  sought  point  A.  The  weight  is  now  placed  ui)on  the 
paper,  holding  this  thread  under  slight  tension  in  this  position.  The 
second  thread  connected  with  the  needle  in  Station  II  is  placed  over  the 
projection  «''  of  the  sought  point,  also  under  tension.  The  x>oint  of 
intersection  of  these  two  threads  will  be  the  desired  point  A  plotted  on 
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the  map.  After  this  position  of  points  on  the  plan  has  been  checked, 
in  the  same  manner,  by  means  of  another  photograph  taken  from  a  third 
station  and  containing  the  picture  of  this  point,  its  plotted  position  is 
marked  by  a  dot  and  its  designation,  as  given  on  the  prints,  in  red  ink 
After  a  sufficient  number  of  points  have  been  plotted  in  this  manner 
by  intersections,  and  after  they  have  been  supplied  with  the  letters  or 
numerals  (in  red  ink)  as  given  on  the  prints,  their  elevations  are  deter- 
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Fig.  236. 


mined  and  also  added  in  red  ink.  Frequently  the  designation  of  the 
X)oint8  by  letters  or  numerals  are  only  added  in  pencil,  to  be  erased 
after  the  elevations  have  been  added  in  red  ink. 


ELEVATIONS. 


All  points  of  the  prints  which  are  bisected  by  the  horizon  line  H  H' 
have  the  same  elevation  as  the  horizon  of  the  camera  station,  which 
&ct  will  greatly  assist  in  drawing  in  the  contours  on  the  plan.  The 
latter  can  be  plotted  or  drawn  in  with  the  same  precision  as  is  attain- 
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able  in  other  '■  irregular  inetliods "  of  coiitoiiring  if  only  enough  iminta 
can  be  identilied  on  the  prints  aud  ustabliahed  by  intersections  and 
their  elevations  to  cover  the  area  sntUciently  close  to  leave  no  place 
for  donbt.  Ridges,  which  ajipear  in  profile  on  the  prints,  will  also 
facilitate  contouring,  inasmuch  as  lines  of  directions  drawn  to  charac- 
teristic points  of  tbese  ridges  can  be  regai-ded  as  tangents  to  the  coq- 
tonrs  passing  through  such  points.  The  heights  of  the  points  fixed 
by  intersections  are  Ibuud  by  means  of  a  so-ualled  "  scale  of  heights  " 
(flg.  24). 

8xP  =  Htniight  line  divided  into  equiil  parts. 

S  P  =  local  length  of  prints. 

P  P'  peiiiendicular  to  S  P  and  divided  into  equal  parts. 

Erect  verticals  to  5  P  in  the  points  of  division.  Join  the  points  of 
division  along  i*  P*  to  6". 


This  scale  is  used  as  follows: 

Take,  with  a  pair  of  dividers,  from  the  photograph  the  ordinate  of 
any  point  bisected  by  the  principal  iiuo  of  which  the  elevation  is  sought, 
transfer  this  length  to  i*i"  from  P.  Suppose  it  corresxwD<ls  to  Px' =  11 
parts  of  the  graduation  of  PP*. 

Now  take  from  the  plan  with  the  dividers  the  distance  of  the  hori- 
zontal projection  of  the  point  (previously  plotted  by  intersections)  from 
the  picture  trace  and  lay  this  length  ofl'  on  if  P  from  P  to  the  right  or 
left  of  P  according  to  the  position  of  the  point  on  the  plan  in  regard  to 
the  picture  trace  if  beyond  or  within  the  trace  and  station.  Suppose 
the  point  was  between  the  plotted  station  and  picture  trace  aud  it  fell 
on  X.  Then  the  distance  from  x  to  &  point  vertically  above  x  on  the 
ray  8  n  {=  11)  and  measured  on  the  plotting  scale  will  represent  the 
elevation  of  the  point  above  or  below  the  camera  horizon.  If  the  [wint 
on  the  photograph  was  above  H  H'  this  length  will  have  to  be  added 
to  the  camera  elevation  and  the  sum  is  entered  on  the  plan  in  i>encil 
close  to  the  plotted  point.  After  it  haa  been  checked  by  a  second  pho- 
tograph, and  the  discrepancy  between  these  two  heights  is  witliin  the 
permissible  limit  of  error,  the  mean  is  entered  in  red  ink  on  the  plan 
and  the  pencd  marks  are  erased.  After  the  elevations  of  all  the  points 
plotted  on  the  working  sheet  have  been  determiued  aud  entered  on 
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the  drawing  in  red  ink,  the  streams,  ridges,  bluffs,  and  shore  lines  are 
drawn  in,  using  intersections  and  tangents,  whenever  possible,  to 
identify  and  locate  their  characteristic  bends,  their  terminals,  etc. 

Now  the  contour  lines  are  drawn  in  by  estimation  between  the 
established  points  of  known  elevation  ("irregular  method"),  having  the 
shore  lines,  streams,  and  ridges  as  guides,  and  studying  the  photo- 
graphs as  much  as  possible  to  modify  the  contours  so  as  to  represent 
minor  inequalities  and  accidents  of  the  terrene. 

As  long  as  a  sufiicient  number  of  points  is  obtained  by  intersections 
there  will  be  little  difficulty  in  drawing  in  the  contour  lines,  but  in  a 
rapid  reconnaissance  it  may  happen  that  the  points  which  can  be 
plotted  are  too  few  and  too  far  apart  for  defining  the  surface,  when  it 
will  become  necessary  to  resort  to  so-called  "tricks  of  trade"  and  less 
accurate  methods.  The  perspectograph  and  similar  instruments  to 
convert  perspectives  into  plan  drawings  and  vice  versa  are  too  compli- 
cated (the*  numerous  movable  parts  are  sources  of  too  much  lost  motion) 
to  give  results  suf&ciently  accurate  for  topographical  maps. 

THE   PHOTOGRAPH  BOARD. 

(Fig.  25.) 

So  many  lines  are  needed  and  drawn  for  the  constructions  on  the 
photographs  that  it  is  advisable  to  prepare  a  special  drawing  board  on 
which  as  many  of  the  construction  lines  are  drawn,  once  for  all,  as 
Would  have  to  be  repeated  for  the  different  prints  of  uniform  size. 
This  so-called  "photograph  board"  is  an  ordinary  drawing  board 
covered  with  tough  drawing  paper,  the  surface  of  which  is  to  represent 
the  picture  plane,  and  it  is  used  in  conjunction  with  the  photographs. 

Two  lines,  HE'  and  V  F,  are  drawn  at  right  angles  to  each  other; 
they  represent  the  horizon  and  principal  lines,  while  V  P^  =  H  P^  -=. 
V  Po  =  M^  Po  =  focal  length  of  prints.  By  revolving  the  horizontal 
plane  about  HJI*  we  obtain  the  upper  and  lower  distance  points  V 
and  Fin  the  picture  plane,  and  by  turning  the  principal  plane  about 
the  line  F  F  into  the  picture  plane  we  obtain  the  left  and  right  dis- 
tance points  H  and  II\ 

The  photograph  is  put  on  the  middle  of  the  board  in  such  a  manner 
that  the  principal  line  coincides  with  F'  F  and  the  horizon  line  with 
H  H\  The  four  scales,  forming  the  sides  of  the  square  TUB  8  (a 
little  larger  than  the  photograph  which  falls  within  T  UR  8)j  can  be 
need  to  draw  parallels  to  the  horizon  and  principal  lines,  without 
obscuring  the  print  by  too  many  pencil  lines,  by  placing  a  ruler  on  the 
corresponding  graduation  marks  of  two  opposite  scales.  Also  for  mark- 
ing the  "ground  line"  for  any  station  by  joining  the  graduations  of  the 
vertical  scales  representing  the  height  of  the  station. 

At  a  suitable  distance  from  Hj  outside  of  the  photograph  field,  a  per- 
I>endicular,  K  LtoH  H'^  is  erected,  on  which  line  are  marked,  by  means 
of  a  table  of  tangents,  the  angles  formed  with  HE'  by  lines  drawn  from 
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the  left-hand  distance  point  H.  This  graduation,  KL^  serves  for  meas- 
uring the  horizontal  angles  or  the  altitudes  of  points  selected  on  the 
photographs,  as  will  be  explained  in  the  following : 

From  y  as  a  center  .describe  a  circular  arc,  Po  C,  with  VPo  =  focal 
length  as  radius,  and  divide  this  arc  into  any  number  of  equal  parts. 
Through  the  points  of  division,  between  P^  C  and  P„  -ff',  radials  are 
drawn  from  Fas  center. 

In  order  to  obtain  the  elevations  of  x)oints  marked  on  the  photographs 
the  radial  distance  from  the  station  to  the  horizontal  projection  of  the 
X)oint  in  the  picture  trace  must  be  known.    If  the  sensitive  plate  formed 
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a  part  of  a  vertical  cylinder  with  radius  =  focal  length,  then  these  dis- 
tances would  all  be  constant  and  equal  to  the  focal  length  of  the  print. 
The  arc  Po  C  (divided  into  any  number  of  equal  parts)  and  the  line 
Po  H*  cuts  off  pieces  of  the  radials  drawn  from  the  station  V  to  the 
various  horizontal  projections  of  pictured  points,  which  must  be  added 
to  the  focal  length  V  Po  =  V  C  to  give  the  horizontal  distance  of  the 
station  to  tlie  projected  point  on  the  photograph. 

The  equidistant  lines  A  P,  drawn  parjillel  to  the  principal  line,  are 
also  drawn  sufficiently  close  together  and  cover  a  space  in  width  equal 
to  the  largest  radial  difference  G  J.    All  these  lines  {A  B  and  A  C  J) 
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are  used  in  connectiou  with  the  scale  of  degrees  and  minutes  L  K;  e.  i., 
on  a  print,  TUSR  (fig.  26),  we  wish  to  obtain  the  elevation  c  c',  the 
vertical  and  horizontal  angles  to  o  having  been  observed  in  the  field 
and  noted  on  outline  sketch.  From  H  (fig.  25)  we  draw  a  line  through 
that  division  mark  on  KL  which  corresponds  to  the  vertical  angle  of 
Cy  say  10 JO.  iJow  the  abscissa  P©  c'  =  j?c  is  laid  off  (on  the  photograph 
board)  along  Po^'  from  Po/  the  second  x>oint  of  the  dividers  may  fall 
upon  the  twentieth  radial  difference  (counting  from  Po  toward  c).  The 
length  of  the  difference  between  the  radius  of  the  arc  PoO  and  the  dis- 
tance V  C  (from  the  plotted  camera  station  V  to  the  plotted  point  c)  is 
now  laid  off  along  PoS'  from  P©,  which  may  fall  midway  between  the 
fourth  and  fifth  line  (counting  from  P„  as  zero)  of  the  set  A  B,  Then  the 
distance  from  the  line  P©  ff',  taken  midway  between  the  fourth  and  fifth 
A  B  line  to  the  line  R 10 Jo  (on  degree  scale  KL)  and  measured  on  the 
plotting  scale,  will  be  the  difference  of  elevation  c  c',  which,  added  to 
the  elevation  of  the  camera  horizon,  will  give  the  elevation  of  the  x>oint 
c  above  the  datum  plane,  j 
Sometimes,  the  angle  be- 
tween a  point,  a,  on  the 
print  and  the  principal  and 
horizon  lines  (altitude  and 
azimuthal  angles)  may  be 
wanted. 

The  azimuthal  angle  P„ 
Pflo  (fig.  27)  can  be  found 
directly  by  joining  the 
plotted  station  P  to  the 
horizontal  projection  a„  of 
the  point  a'.  To  find  the 
same  in  degrees  and  min- 
utes we  transfer  the  abscissa  Po  a^  of  the  point  (fig.  27)  a'  to  Po  T  (on 
the  photograph  board)  from  Po  and  draw  a  line  from  H  through  this 
point  on  P„  V.  Where  this  line  intersects  the  scale  K  L  will  be  the 
reading  indicating  the  value  of  the  azimuthal  angle  in  degrees  and 
minuter. 

The  altitude  of  tlie  point  a'  on  the  photograph  (fig.  27)  is  represented 

by  the  angle  a' Pa^^  and  to  find  its  value  we  transfer  Po  ao  the  abscissa 

of  a'  (fig.  27)  to  Po  H'  from  Po  on  the  photograph  board;  say,  equal  to 

Po  r.    With  the  same  pair  of  dividers  we  take  the  radial  difference  at 

Y  (distance  of  Y  to  the  arc  Po  C)  and  transfer  the  same  to  Po  H'  from 

Po,  and  note  which  of  the  verticals  A  B  falls  upon  the  second  point  of 

the  dividers.    On  this  vertical  wo  transfer  the  ordinate  of  a'  =  a'  a^  from 

Po  E' ',  say,  equal  to  A  Z.    If  we  draw  a  line  through  Z  from  IT,  this 

line  will  indicate  on  the  divisions  of  scale  K  L  the  value  of  the  angle 

a'  P  tto  (fig.  27)  in  degrees  and  minutes. 

The  foregoing  is  a  general  description  of  the  plotting  methods  em- 
s.  Ex.  19,  pt.  2 8 


Fiu.  26. 
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ployed  by  the  topographers  under  Dr.  W.  F.  King,  boundary  commis- 
sioner for  the  southeastern  Alaskan  survey.  There  remain,  of  course, 
some  minor  details  which  serve  in  a  measure  to  facilitate  the  work  of 
plotting  and  which  every  draftsman  acc^uires  by  practical  application, 
and  which  are  not  touched  upon  in  the  preceding  pages. 

The  enlarged  prints  are  made  ux)on  positive  bromide  paper,  using  a 
good  copying  lens  to  secure  as  much  detail  as  possible.  The  prints  are 
develox)ed  and  dried  in  the  usual  manner,  and  classified.  The  essential 
requirement  for  a  true  copy  or  correct  enlargement  is  that  the  sensitized 
paper  be  parallel  to  the  negative.  Both  the  printing  camera  and  the 
e^el  upon  which  the  i)aper  rests  are  provided  with  graduations  on 
their  slides  to  facilitate  giving  the  correct  distances  both  for  enlarging 
and  reducing.    An  inclined  position  of  the  easel  and  negative  is  the 


^A 


U.' 
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essential  feature  of  the  Canadian  printing  apparatus  in  order  to  give 
the  negative  the  full  skylight  and  not  have  a  part  of  the  ]>late  illumi- 
nated by  reflected  rays  from  the  earth,  thus  giving  the  entire  plate  a 
uniform  light  during  the  time  of  printing. 

In  France,  Germany,  and  Italy  the  tendency  has  been  toward  com- 
bining the  transit  and  camera  into  one  instrument,  while  in  Oaniula 
these  instruments  have  been  kept  separate.  The  reason,  probably,  is 
that  in  the  European  countries  mentioned,  photographic  surveys  were 
made  on  a  large  scale  and  the  means  fur  safe  transportation  were  com- 
paratively within  easy  reiich,  while  in  the  Canadian  surveys  the  work 
was  done  on  a  small  scale  and  the  instruments  had  to  be  carried  over 
rough  country,  frequently  on  the  human  back,  thus  making  it  essential 
to  reduce  the  weight  to  a  minimum  (which  could  l)e  best  done  by  keep- 
ing the  instruments  separate)  and  to  make  them  rigid  and  easy  of 
acljustmeut. 


J.  S.  Coul  mnd  Siodttic  Su'va 


FSENCH  PMOTO-THEODOLITE. 


THE  SAME  WITH  CAMERA  DETACHED. 
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Figures  28  and  29  show  the  latest  model,  in  its  general  form,  of  the 
Freuch  "  photo  theodolite,'^  which  was  on  exhibition  at  the  World's 
Columbian  Fair,  in  Chicago.  Figure  28  shows  the  complete  photothe- 
odoHte,  and  figure  29  shows  the  theodolite  without  the  camera,  in- 
which  form  it  is  used  for  trigonometrical  purposes,  the  triangulation 
being  made  before  the  phototopography  is  begun. 

This  ])hototheodolite  has  a  ^ulecliuatoire"  (compass)  and  a  pair  t)f 
sights,  which  will  enable  the  observer  to  direct  the  oi)tical  axis  of  the 
camera  quickly  toward  any  desired  object  or  point  of  the  panorama. 
The  "declinatoire"  is  jirincipally  used  for  traverse  work,  to  note  the 
magnetic  meridian  trom  time  to  time.*  This  compass  and  the  sights  are 
not  visible  in  the  figure;  they  are  on  the  side  opposite  to  the  one  with 
the  telescope. 

The  near  side  of  the  instrument  (fig.  28)  shows  the  telescope,  level 
and  vertical  circle  for  making  angular  measurements,  in  addition  to 
the  previously  executed  triangulation,  in  order  to  determine  the  posi- 
tion of  the  camera  station  (by  the  thi'ee-point  problem)  with  reference 
to  surrounding  triangulation  i>oints  or  for  running  traverse  lines 
between  triangulation  stations.  The  horizontal  circle  is. under  the 
camera  proper  and  carries  a  box  level.  The  optical  axis  can  be  ele- 
vated or  depressed  (maintaining  a  horizontal  position)  by  means  of  a 
slide  or  shutter  to  which  the  camera  lens  is  attac*.hed. 

Dr.  Meydenbaur's  camera  theodolite  is  a  camera  of  constant  focal 
length,  constructed  in  metal  throughout,  wi*^li  neither  telescope  nor  ver- 
tical circle,  but  it  is  provided  witC  a  horizontal  linib  and  mounted  on 
a  tripod. 

After  the  instrument  is  leveled  up,  the  panorama  surrounding  the 
station  can  be  surveyed  (photographed)  by  making  six  consecutive 
exj)08ures,  revolving  the  camera  GO'^  in  azimuth  after  each  exposure  by 
means  of  the  horizontal  circle,  which  is  graduated  to  read  to  single 
minutes. 

The  lens  is  a  pantoscopic  one,  made  by  E.  Busch,  in  Kathenow,  Prus- 
sia. It  commands  an  angle  of  about  100'^,  but  by  excluding  the  external 
ring  of  this  lens  by  means  of  a  small  stop  in  the  diaphragm,  pictures 
are  obtained  subtending  a  horizontal  angle  of  about  GG^^  thus  giving 
two  consecutive  plates  a  common  margin  of  3^  width,  horizontally. 

The  horizontal  projections  of  the  six  picture  planes,  representing  the 
panorama  surrounding  one  station,  form  a  regular  hexagon,  and  after 
one  picture  trace  has  been  plotted  and  oriented  on  the  i)lan,  the 
remaining  five  are  readily  plotted  by  constructing  this  hexagon  of 
which  one  side  is  given. 

To  use  this  instrument  it  is  necessary  that  the  country  to  be  sur- 
surveyed  photographically  be  well  sui)plied  with  a  generous  number  of 
carefully  selected  triangulati(m  points  of  a  recently  made  triangulation, 
as  it  is  necessary  that  the  signals  shall  be  still  intarct  and  standing 
during  the  photographic  operations.   The  triangulation  must  also  include 
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the  hypsometrical  determiuatious  of  all  the  stations,  as  no  direct  meas- 
urements of  vertical  angles  can  be  made  with  this  camera  theodolite. 
The  elevations  of  all  the  other  points  needed  for  the  topographic 
development  of  terrene  will  have  to  be  obtained  by  constructions  from 
the  negatives  or  photographic  prints  by  means  of  the  elevations  of  the 
horizon  line,  obtained  from  the  given  elevation  of  the  station  (triangu- 
lation  point)  and  the  height  of  the  instrument  above  the  ground.  The 
survey  will  have  to  be  plotted  on  a  large  scale  and  numerous  camera 
stations  will  have  to  be  occupied. 

The  recently  made  small  traveling  camera  theodolite  of  Dr.  Meyden- 
baur  dispenses  with  plate  holders,  inasmuch  as  the  plates  are  i)laced 
directly  against  the  rear  frame  of  the  camera  by  an  ingenious  arrange- 
ment with  which  the  plates  can  be  exchanged  under  exclusion  of  light. 

One  of  the  more  recent  productions  of  photographic  surveying 
instruments  in  Austria  is  Captain  IliibFs  plane  table  photogrammeter, 
made  by  K.  Lechner  in  Vienna,  and  described  in  "Lechner's  Mittheil- 
ungen  aus  dem  Gebiete  der  Photographic  uud  Kartographie."  Wien, 
Graben  'No.  31. 

The  camera  proper  has  also  been  modified  like  the  latest  Meydenbaur 
camera  by  discarding  the  plate  holders.  Captain  Hiibl  places  the  sensi- 
tive plate  directly  against  the  camera  casing,  where  it  is  held  in  posi- 
tion by  means  of  springs,  thus  securing  a  ('onstant  permanent  focal 
length.  The  camera  box  is  cube  shaped  and  has  sides  of  21*^°*  length. 
The  plates  are  12  by  16^'",  but  the  ^pictures  are  only  10  by  14«"'.  The 
camera  alone  weighs  3i  kilogrammes;  with  knapsack,  including  entire 
outfit  for  one  day's  work  and  stout  tripod,  the  weight  is  Hi  kilogrammes 
and  the  cost  in  Vienna  is  400  florins. 

This  instrument  is  the  result  of  Captain  Hiibl's  efforts  to  reduce  the 
weight  and  cost  of  the  camera  theodolite  and  to  simplify  the  adjust- 
ments and  manipulation  of  the  iSame. 

For  this  reason  the  theodolite  has  been  replaced  by  a  plane  table  and 
small  alidade. 

The  upper  surfjice  (horizontal)  of  the  camera,  21  by  21*^™,  serves  as 
plane  table;  it  is  provided  with  a  pivot  with  which  the  alidade  is  con- 
nected. By  means  of  special  appliances  the  picture  trace,  principal 
line,  and  point,  as  well  as  horizontal  dire<;tions  to  known  (triangulation) 
points,  for  the  orientation  of  the  picture  trace,  are  drawn  directly  on 
the  paper,  resting  on  the  ui^per  horizontal  surface  of  the  camera. 

Each  negative  can  thus  be  accompanied  by  a  small  plane-table  sheet 
showing  a  bunch  of  rays  radiating  from  the  station  point  to  a  number 
of  known  points  (triangulation  points)  in  correct  relation  and  position 
to  the  picture  trace  and  principal  line,  besides  numerous  data  which 
can  be  sketched  and  inscribed  upon  the  paper. 

The  results  obtained  with  this  photographic  plane  table  are  easily 
transferred  to  the  working  sheet  containing  a  plot  of  the  triangulation. 
The  adjustments  of  this  instrument  are  few  and  simx>le. 


APPENDIX    No.  4—1893. 


ON  PHOTOGRAPHY  AS  APPLIED  TO  OBTAIN  AN  INSTANTANEOUS  RECORD 
OF  LUNAR  DISTANCES  FOR  DETERMINATIONS  OF  LONGITL^DE. 


By  C.  RUNGE. 
Translated  and  submitted  for  publication  December  9,  1893,  by  J.  A.  Flbmkr, 

Assistant. 


Since  Dr.  F.  Stolze's  treatise  on  photographical  determination  of  geo- 
graphical positions  without  the  use  of  chronometers  was  published, 
Mr.  C.  Eunge,  in  Uanover,  Prussia,  has  made  experimental  observations 
with  an  ordinary  camera,  such  as  travelers  and  explorers  generally  carry 
in  their  outfits,  to  develop  a  photographic  method  for  obtaining  the  geo- 
graphical longitude  and  latitude  of  a  place,  as  well  as  the  local  time  by 
means  of  photography. 

Photographic  determinations  of  the  latitude  and  the  local  time  of 
a  place,  however,  do  not  offer  gre«at  advantages,  compared  with  the 
general  methods  heretofore  in  use  for  obtaining  these  values,  as  nearly 
every  explorer  will  carry  in  his  outfit  instruments  which  can  readily  be 
used  for  this  purpose,  the  ordinary  methods  for  astronomical  latitude 
and  time  observations  being  comparatively  simple  and  easily  applied. 
We  will,  therefore,  in  the  following  pages,  consider  only  Mr.  Eunge's 
method  for  determining  the  geographical  longitude  photographically. 

The  desirability  of  developing  a  method  for  finding  the  longitude 
without  the  use  of  chronometers,  which,  when  the  geographical  longi- 
tude of  a  place  had  been  determined  by  means  of  chronometer  readings, 
could  also  be  used  to  check  the  latter,  had  not  only  been  recognized  by 
Mr.  Eunge,  but  he  also  felt  convinced  that  if  the  method  should  find 
favor  with  explorers,  the  necessity  of  making  astronomical  observa- 
tions— such  as  would  be  necessary,  for  instance,  for  longitude  deter- 
minations based  on  lunar  distances — could  be  avoided. 

A  full  description  of  Mr.  G.  Eunge's  first  application  of  photography, 
made  June  17, 1893,  in  Hanover,  for  this  pur])ose,  will  be  found  in  the 
Zeitschr.  f.  Yerm.,  Heft  15, 1893,  of  which  the  following  is  a  free  trans- 
lation. 
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The  camera,  placed  upon  a  window  sill  and  its  position  secured,  as 
well  as  possible,  against  accidents,  was  directed  upon  the  new  moon  at 

10  p.  m.  (June  17,  1893)  and  eight  successive  short  exposures  of  the 
same  plate  were  made,  at  10^',  10^  2*",  10^  4™,  10"'  8"',  10»*  10™,  10»»  12™, 
IQh  i4ni^  a|j(j  2Lt  10**  23™  p.  m.,  an  ordinary  watch  being  used  for  timing 
the  latter. 

The  camera,  with  objective  closed,  was  left  undisturbed  in  the  same 
position  until  the  constellation  Leonis  appeared  in  the  same  part  of  the 
firmament  where  the  moon  had  been  photographed.  At  10*'  51™  (by 
the  same  watch)  the  objective  of  the  camera  was  uncovered  and  the 
plate  remained  exposed,  short  interruptions  excepted,  until  12'*  45™. 

These  interruptions,  of  five  seconds'  duration  each,  were  effected  by 
means  of  a  dark  cloth,  with  which  the  objective  was  covered,  without 
having  been  brought  into  contact  with  the  same. 

Twenty  such  interruptions  of  the  exposure  were  made  in  toto,  and 
their  times  of  occurrence  were  carefully  noted  by  the  same  watch  and 
recorded.  Between  10**  51™  and  11''  00"'  two  such  interniptions  took 
place.  From  11''  till  12  p.  m.  interruptions  were  made  every  five  min- 
utes, beginning  at  the  full  minute  and  lasting  five  seconds  (12  breaks); 
from  12  p.  m.  till  12'*  40™  the  breaks  occurred  in  the  same  manner,  but 
at  intervals  of  ten  minutes  (4  interruptions),  and  two  breaks  were  made 
at  odd  times,  one  at  11'*  37'"  and  the  other  at  11**  54™. 

After  the  i>late  had  been  developed  the  moon's  crescent  appeared 
eight  times,  as  was  to  be  expected,  in  the  central  portion  of  the  plate. 
Above  and  below  this  row  of  moon  pictures  the  star  traces  were  plainly 
visible  in  the  shape  of  smooth  curves  of  a  regular  curvature. 

From  the  relative  positions  of  these  curves  and  the  positions  of  their 
beginnings  and  end  points  it  could  readily  be  conjectured  which  star  of 
the  constellation  Leonis  belonged  to  each  curve.  The  star  tr<aces  of 
rr,  /5,  yj  6,  f ,  Cj  fh  and  S  Leonis,  besides  some  other  faint  star  traces,  were 
plainly  distinguishable  upon  the  developed  plate.  The  trace  made  by 
6  Leonis  was  the  most  distinct  of  all,  this  star  having  been  farther 
north  (in  a  darker  portion  of  the  firmament)  than  the  other  bright  stars 
of  the  constellation. 

The  traces  of  /3  and  6  Leonis,  scrutinized  under  a  microscope,  dis- 
tinctly showed  the  gaps,  corresponding  with  the  recorded  interrup- 
tions, made  during  the  exposure.  These  breaks  were  less  clearly  shown 
in  the  other  star  traces,  partly  because  they  appeared  less  bright, 
having  been  nearer  the  horizon,  and  partly  because  their  light  was 
dimmed  by  the  illuminated  western  horizon. 

The  positions  of  the  two  breaks,  corresponding  with  the  two  inter- 
ruptions of  the  exposure,  made  at  random  (at  11**  37™  and  1 1  **  54™)  among 
the  regular  series,  formed  characteristic  pointers  toward  identifying  the 
breaks  with  their  corresponding  recorded  time  observations  (by  the 
watch). 
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On  the  lower  part  of  the  plat«  the  upper  outlines  of  two  "Duildings 
were  shown,  one  with  a  lightning  rod  and  the  other  with  a  flag  pole. 

In  order  to  ascertain  the  Greenwich  time  by  means  of  this  plate,  Mr. 
Runge  employed  diftercnt  methods  of  mensuration.  The  mensuration 
was  done  with  an  instrument  used  heretofore  for  making  measurements 
on  photographic  plates  in  analytical  investigations  of  spectra  (with  the 
spectroscope).  Its  principal  ])arts  are  a  frame  over  which  a  sleigh  can 
be  moved  horizontally  by  means  of  a  horizontal  screw  having  a  very 
fine  thread. 

The  plate  is  placed  upon  the  movable  holder  (sleigh)  and  illuminated 
from  below  by  means  of  an  inclined  mirror.  A  microscope  with  cross 
wires  is  secured  to  the  stationary  frame  in  such  a  manner  that  the  plate 
can  be  studied  through  the  same  while  the  plate  is  passed  underneath  in 
a  horizontal  plane  by  turning  the  screw  passing  through  the  plate  holder 
(sleigh).  The  horizontal  linear  change  in  position  of  the  plate  when 
thus  moved  is  measured  by  the  number  of  turns  of  the  screw.  This 
screw  has  two  threails  per  1™™  length,  and  is  supplied  with  a  micrometer 
at  one  end,  divided  into  100  i)arts,  and  a  vernier.  Thus,  ^  i^™"*  can  be 
reatl  with  the  index  mark,  {ind  by  using  the  vernier  j^ oV^"**"  can  be 
measured.    A  registering  apparatus  marks  the  full  turns  of  the  screw. 

With  the  aid  of  this  micrometer  the  following  measurements  on  the 
plate  were  taken : 

1.  To  determine  the  right  ascensions  of  the  pictured  crescents^  we  find 
and  mark  on  the  trace  of  o  Loonis  that  point  which  corresponds  with  the 
meridian  of  one  of  the  crescents — for  instance,  the  first  one  of  the  eight 
shown  on  the  plate — and  by  means  of  the  gaps  shown  in  this  star  trace 
the  time  of  transit  (the  time  as  shown  by  the  watch  when  ft  Leonis  had 
reached  that  particular  spot  on  the  trace)  of  o  Leonis  at  this  marked 
point  is  ascertained. 

The  time  which  had  elapsed  from  the  moment  of  photographing  the 
first  position  of  the  moon  (10"')  until  d  liconis  had  reached  the  point  in 
question  on  its  trace  gives  in  watch  time  the  difference  of  the  hour 
angles  of  the  moon  and  «  Leonis. 

This  civil  time  interval  converted  into  sidereal  time  will  represent 
the  difference  of  the  moon's  and  o  Leonis's  right  ascensions;  and  after 
the  value  for  the  right  ascension  of  o  Leonis  has  been  taken  from  the 
fixed  star  catalogue  of  the  Ephemeris,  we  will  thus  have  found  the 
right  ascension  of  the  moon  at  the  time  of  the  first  exposure. 

As  only  short  time  intervals  enter  into  consideration,  the  quality  of 
the  watch  is  immaterial. 

In  detail  the  mensuration  was  made  as  follows : 

By  means  of  the  difference  between  the  right  ascensions  of  <J  and  /5 
Leonis,  as  taken  from  the  Ephemeris,  two  points  were.located  on  the 
corresponding  two  star  traces,  situated  as  nearly  as  possible  upon  the 
same  hour  circle,  which  two  points  were  joined  by  a  fine  line  scratch^ 
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into  the  film  of  gelatin  on  the  plate  by  means  of  a  fine  needle  and 
straight  edge. 

The  photograph  being  a  tme  perspective,  all  meridians  are  repre- 
sented by  straight  lines  on  the  same,  and  this  scratch,  if  carefully  made, 
should  represent  a  meridian  line.  If  the  direction  of  this  scratch  does 
not  appear  perfectly  correct,  its  deviation  from  the  true  position  can  be 
ascertained  by  measuring  the  distances  from  two  corresponding  breaks 
in  the  two  star  traces  (of  S  and  ft  Leonis)  to  the  intersections  of  the 
scratch  with  these  two  curves,  and  the  necessary  corre<;tion  can  be 
applied. 

After  this  has  been  done,  the  distance  between  the  crescents  and  the 
scratch  are  measured;  and  as  the  distance  between  the  breaks — shown 
in  the  star  traces  of  6  and  /3  Leonis — between  which  the  crescents  are 
situated  are  known,  we  can  compute  the  time  interval  corresponding 
with  a  certain  length  of  the  moon's  circle  of  declination. 

If  the  scratch  passes  close  to  tl^e  picture  of  the  moon,  a  small  error 
in  the  value  with  which  the  distance  is  to  be  multiplied  in  order  to 
obtain  the  time  interal  will  barely  affect  the  result. 

As  only  the  edge  of  the  moon  could  be  measured  in  our  case,  a  cor- 
rection for  the  moon's  semidiameter  had  to  be  applied  in  order  to  obtain 
the  right  ascension  of  the  moon's  center,  which  was  done  by  measuring 
a  chord  and  corresi)onding  height  of  the  crescent's  arc.  The  resulting 
right  ascension  is  free  from  atmospheric  refraction,  as  it  has  been  deter- 
mined from  the  relative  position  of  the  moon  with  reference  to  the 
pictured  stars  on  the  plate,  which  were  also  subjected  to  the  same 
atmospherical  influences  (and  are  likewise  affected  by  refraction).  In 
order  to  reduce  this  right  ascension  to  the  center  of  the  earth  the  decli- 
nation and  the  local  time  must  be  known  or  will  have  to  be  found. 

2.  Mensuration  of  the  deeliTiation  of  the  lunar  pictures. — For  this  pur- 
pose the  plate  was  placed  upon  the  movable  holder  in  such  a  manner 
that  the  direction  of  its  course  under  the  microscope  (when  moved  in 
a  horizontal  plane  by  turning  the  micrometer)  was  vertical  to  the  star 
traces. 

Pointings  were  now  made  to  as  many  of  the  star  traces  as  possible,  as 
well  as  to  the  edge  of  the  crescent;  for  instance,  the  traces  of  C?  ^^  yj 
/3,  and  a  Leonis  were  bisected,  «and  also  the  edge  of  the  crescent  falling 
between  y  and  /3. 

If  we  now.  write  opposite  the  micrometer  values  for  the  bisected 
star  traces  the  declinations  of  the  corresponding  stars,  we  can  regard 
the  latter  as  a  linear  function  of  the  micrometer  readings.  The  two 
unknown  values  of  this  linear  function  are  computed  by  means  of  the 
method  of  least  squares,  and  after  substituting  the  micrometer  readings 
for  the  edge  of  the  moon  we  find  her  declination. 
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The  following  example  will  show  the  degree  of  precision  obtained  in 
this  manner : 


Micrometer 
reading. 

Declination, 

taken  from  the 

Ephemeris. 

Declination 
computed. 

0        /        // 

12      29      15 
15      ID     31 

19     49     53 
21       6     23 

23    57     13 

Diff. 

// 

-r" 

—  19 

+  15 

-  6 

a  Leonis. 

/J    " 

Edge  of  moon. 
8  Leonis. 

2490 
25151 
6441  I 

7515-9 
99167 

0        /       // 

12     29     26 
15      10      12 

21       6     38 
23    57    07 

We  believe  that  the  declination  of  the  moon's  edge  can  be  found  by 
this  method  within  a  limit  of  error  of  20",  and  if  the  star  curves  are 
all  close  to  the  lunar  picture  even  a  more  close  value  may  be  obtained. 

The  semidiameter  of  the  moon  having  been  determined  as  mentioned 
above,  we  can  now  compute  the  declination  of  the  moon's  center.  The 
declinations  having  yet  to  be  reduced  to  the  cent-er  of  the  earth,  we  will 
need  for  this  purpose,  besides  the  right  ascensions,  also  the  local  time, 
which  is  found  as  follows : 

3.  Determination  of  the  local  time, — We  could  assume  the  local  time 
to  be  known,  as  the  explorer  will  generally  determine  the  same  astro- 
nomically, especially  if  he  intends  to  determine  the  longitude  of  the 
place  of  observation  by  means  of  chronometer  readings.  He  can  readily 
find  the  local  time  by  observing  sun,  moon,  or  star  altitudes  with  a 
sufficient  degree  of  accuracy  for  practical  purposes. 

Whenever  the  photographic  plate  contains  the  image  of  a  fixed  ter- 
restrial point — for  instance,  the  lightning  rod,  gable,  or  chimney  of  a 
distant  building,  the  peak  of  a  distant  mountain,  etc. — such  point  can 
be  utilized  in  the  same  manner  as  a  star.  As  mentioned  before,  the 
exposed  plate  contained  a  picture  of  a  conspicuous  lightning  rod.  The 
circle  of  declination  and  hour  circle  of  this  point  were  determined  in 
the  same  manner  as  shown  for  the  lunar  pictures  (by  means  of  civil  time 
as  indicated  by  the  watch).  The  following  day  (June  18)  the  elevation 
of  this  point  (of  the  lightning  rod)  was  determined  from  the  place  occu- 
pied by  the  camera  in  the  preceding  night.  From  this  elevation  and 
the  declination  we  can  determine  the  hour  angle,  if  the  geographical 
latitude  be  known,  and  we  are  thus  enabled  to  compute  the  difterence 
between  the  time  indicated  by  the  watch  and  the  local  time. 

After  the  local  time  has  been  found  in  this  manner,  the  determined 
values  for  the  right  ascension  and  declination  can  be  reduced  to  the 
center  of  the  earth,  the  altitude  of  the  lunar  pictures  being  known  if 
the  local  time  and  the  declination  are  given. 

4.  Measuring  a  lunar  distance. — We  measured  the  distance  between 
the  first  lunar  picture  and  that  break  in  the  stellar  curve  belonging  to 
6  Leonis  which  was  nearest  the  crescent  without  being  intersected  by 
the  same  hour  circle. 
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The  angle  corresponding  to  a  measared  length  on  the  plate  can  be 
computed  if  we  know  the  distance  between  the  traces  of  two  stars.  It 
is  true,  the  plate  represents  the  area  of  the  firmament  on  a  variable  scale 
(it  being  a  perspective  representation  of  the  photographed  area  of  the 
firmament),  yet  for  a  small  portion  in  the  center  of  the  plate  we  can 
assume  that  there  is  no  distortion.  In  the  present  case  the  distance 
amounted  to  only  2Jo.  A  star,  the  image  of  wjiicli  would  have  appeared 
at  the  time  of  exposure  for  the  first  lunar  picture  on  that  part  of  the 
plate  indicated  by  the  break  referred  to,  would  have  to  have  had  the 
same  declination  as  6  Leonis,  and  its  right  ascension  would  be  found 
from  the  time  which  would  have  elapsed  until  6  Leonis  had  reached  the 
same  place. 

By  means  of  this  imaginary  star  point  we  can  compute  in  the  same 
manner  as  for  a  true  star  its  lunar  distance  for  any  given  Greenwich 
time,  and  also  from  tlie  measured  lunar  distance,  reduced  to  the  center 
of  the  earth,  we  can  interpolate  the  Greenwich  time. 

The  following  tabulated  results  were  obtained  by  these  three  methods: 


Meanof  theR.  A's 

of  the  first  three 
lunar  picture  cen- 
ters reduced  to 
the  center  of 

Mean  time 

for 
Greenwich. 

Loi-al  time. 

Difference 
of  time. 

the  earth. 

w. 

/i,     m.       s. 

//.       m. 

//. 

w. 

9     ^'3     407 

8     S('-3 

9 

35  4 

391 

Declination  of 

the  eight  lunar 

Mean 
Greenwich 

picture  centers 
reduced  to  the 

Local  time. 

Difference 
of  lime. 

center  of  the 

time. 

earth. 

0        /        // 

//.     m. 

//. 

w. 

w. 

20      19     33 

8     541 

9 

33'4 

39  3 

18     58 

8    571 

35-4 

3^-3 

18     28 

8     59-6 

37  4 

37-8 

18        I 

9       1-8 

41-4 

39-6 

17      27 

9      47 

43  4 

387 

17      22 

9      S'l 

" 

45  4 

40-3 

16      50 

9      7-8 

47*4 

39*6 

15       9 

9     '7-2 

564 
Mean 

39-2 

39i(-+-o'2) 

Lunar  distances 

measured  and 

reduced. 

Lunar 

distances 

computed. 

Mean 

Greenw  ich 

time. 

Interpolated 

mean 
Greenwich 

time. 

Local  time. 

Diff.  of 
time. 

0       /      // 
2    35     19 

0       /       // 
2     39     34 

2      38      20 

A.    m. 

8  45 

9  0 

//.      m. 
8     54-8 

h.      m. 
9     33-4 

w. 
38-6 
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According  to  these  three  methods  we  fiud  the  three  corresponding 
differences  of  time: 

m. 

391 

391 

.    386 


Mean    38-93 

The  tme  difference  of  time  for  the  "market  tower''  in  Hanover  City 
is,  according  to  Gauss: 


m. 
38943 

And  as  the  place  of  observation  was  G50  metres  west  from  this  tower, 
the  difference  of  time  for  the  camera  station  would  be: 

m. 
3890 

This  close  result  seems  to  partake  of  the  nature  of  a  coincidence. 
Still,  we  believe  that  an  error  of  more  than  ()-2'"  is  precluded  if  the 
measurements  on  the  plate  are  made  as  carefully  as  the  one  just 
described.  In  order  to  obtain  an  equally  good  result  by  the  ordinary 
astronomical  methods,  the  observations  would  have  to  be  made  within 
C  seconds.  We  believe,  however,  that  this  photographic  method  can 
be  raised  to  a  still  higher  degree  of  precision  without  having  to  add 
many  mechanical  devices. 

In  this  first  practical  attempt  the  stellar  pictures  in  reference  to  the 
pictured  crescents  were  not  very  favorably  situated,  more  favorable 
positions  being  of  frequent  occurrence.  For  instance,  if  we  photograph 
the  moon  at  the  mom(*nt  w  hen  she  bas  the  same  apparent  declination 
as  the  star,  and  after  the  moon  has  passed  this  point  allow  the  star  to 
trace  its  path  (making  suitable  breaks  in  the  star  tracje  by  means  of 
short  interruptions  of  the  ex])osure)  over  the  plate  until  this  moon 
picture  is  bisected  by  the  star  trace,  it  will  be  possible  to  obtain  the 
right  ascension  with  tlie  same  degree  of  precision  with  which  the  breaks 
in  the  star  trace  can  be  measured  (bisected  with  the  cross  wires  in  the 
microscope).  If  we  assume  that  the  tenth  part  of  such  a  gap  or  break 
can  be  bisected  in  the  microscope  (which  is  feasible),  then  a  single  read- 
ing will  be  correct  within  ()'5  seconds  of  time  and  the  right  ascension 
equally  as  close;  consequently  the  Greenwich  time  can  be  ascertained 
in  this  case  within  15  seconds. 

If  we  wonder  how  it  is  jjossible  to  reach  such  close  results  with  the 
crude  means  employed,  we  find  that  this  crudeness  is  only  an  api)arent 
one.  The  work  has  simply  been  divided  in  a  happy  manner.  The  entire 
"work  of  mensuration  has  been  separated  from  that  ]>art  by  means  of 
which  the  observations  are  gained  and  recorded.  Photography  simply 
records  instantaneously  the  relative  positions  of  the  stars  and  moon  at 
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fixed-time  intervals,  which  positions  can  afterwards  be  studied  and 
measured  at  leisure. 

The  described  measuring  apparatus  takes  the  place  of  the  theodolite 
or  sextant,  with  its  graduated  limb,  arc,  verniers,  and  micrometers. 

This  division  of  work  is  of  great  value  for  geographical  exploration 
parties,  as  the  actual  measuring  can  be  done  by  experts  at  any  subse- 
quent time  after  the  plates  have  been  shipped  to  the  mother  country. 

In  regard  to  the  camera  used  for  the  foregoing  described  experimental 
observations,  it  may  be  said  that  the  objective  was  a  so-called  anti- 
planetic  group  lens,  of  a  focal  length  of  about  24*'"',  made  by  Steinheil, 
in  Munich,  Bavaria.  The  stop  used  had  a  diameter  of  17"".  This 
objective  re«nlly  consists  of  four  lenses— i.  c.,  two  cemented  pairs — which 
are  placed  as  closely  together  as  the  interposition  of  the  diaphragm 
(with  the  17""  stop)  will  admit  of.  The  peculiarities  of  this  lens  com- 
bination have  been  utili/.ed  in.increasing  the  depth  and  the  field  of  the 
objective  without  sacrificing  uniformity  of  definition  and  an  even  dis- 
tribution of  light. 

The  constants  of  the  camera  need  not  be  known,  as  they  tlo  not  enter 
into  the  work.  All  we  ijeed  to  know  is  the  geographical  latitude  of  the 
station  and  at  what  time  periods  (given  in  civil  time)  the  breaks  in  the 
star  traces  were  made  and  when  the  lunar  pictures  were  obtained.  All 
remaining  data  can  be  culled  irom  the  plate. 


APPENDIX    No.  8—1893. 


ON  THE  MEASUREMENT  OF  BASE  LINES  WITH  STEEL  TAPES  AND  WITH 

STEEL  AND  BRASS  WIRES. 


By  Edv.  JXderin. 

Translated  and  submitted  for  publication  by  Prof.  J.  Howard  Gork,  November  27, 

1893. 


In  the  report  oil  a  method  for  measuring  geodetic  base  lines  with  steel 
tapes,  which  was  published  in  Ofversigt  af.  K.  Yetenskapsakaemiens 
forhandliugar,  No.  9,  1879,  only  the  first  attempts  at  such  measuring 
were  described.  Since  these  experiments  were  not  sufficiently  general 
to  give  an  accurate  and  detailed  account  of  the  practical  application  of 
the  method,  and  as  the  plans  pursued  were  not  satisfactory  in  every 
respect,  especially  as  they  could  not  be  carried  out  under  certain  atmos- 
pheric conditions — conditions  which  may  always  be  expected  during  any 
extensive  measurement — ^with  any  hope  of  materially  diminishing  the 
error,  I  found  it  necessary  within  the  past  years  to  continue  my  experi- 
ments on  a  larger  scale. 

In  the  report  which  here  follows  I  have,  for  the  sake  of  continuity, 
deemed  it  advisable  to  repeat  in  outline  the  principles  of  this  method. 

The  steel  tapes  which  can  be  purchased  in  the  stores  are  of  various 
kinds  and  grades.  Those  which  are  best  suited  for  geodetic  measuring, 
in  accordance  with  the  method  hereinafter  described,  are  about  13°'™ 
broad  and  liO"'  or  more  long.  They  are  divided  into  centimetres,  with 
the  first  decimetre  further  divided  into  millimetres. 

If  it  should  be  desired  to  make  use  of  a  steel  tape  in  the  field,  where 
it  is  not  possible  to  x)rovide  a  smooth  supi>ort,  it  is  necessary  to  support 
only  the  two  end  points,  allowing  the  tape  to  hang  freely  throughout 
the  rest  of  its  length.  In  such  a  case  the  exact  distance  between  the  two 
ends  can  be  mathematically  determined.  For  this  a  tension  is  needed 
at  both  ends,  exerted  either  by  means  of  a  spring  balance  or  by  weights. 
This  use  of  the  tape  requires  two  corrections — a  negative  correction, 
increasing  the  length  of  the  tape,  which  arises  from  the  stretching  of 
the  tape  due  to  the  applied  tension,  and  a  positive  correction,  shorten- 
ing the  straight-line  distance  between  the  ends,  which  amounts  to  the 
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difference  between  the  length  of  the  curve  formed  by  the  freely  hanging 
tape  and  its  chord.  Should  it  be  desired  to  have  as  the  normal  length  of 
the  tape — that  is,  the  straight-line  distance  from  the  zero  mark  on  one 
end  to  the  similar  mark  on  the  other — a  length  exactly  equal  to  the  dis- 
tance between  these  marks  while  the  tape  is  lying  on  a  smooth  supjiort 
throughout  its  entire  length,  it  is  ouly  necessary  that  the  sum  of  the 
two  corrections  named  be  equal  to  zero  or  that  a  tension  be  found  suffi- 
cient to  give  to  the  hanging  tape  its  normal  length.  From  this  it  can 
be  seen  that  this  tension  takes  the  place  of  the  support. 

It  is  better  to  provide  the  line  which  is  to  be  measured  with  tripods 
than  with  stakes,  since  the  latter  are  less  stable  and  not  so  convenient 
as  the  former.  If  the  tripod  should  be  placed  on  rocks  or  on  ground 
too  hard  for  the  feet  to  secure  a  lirm  hold,  the  requisite  stability  can 
be  obtained  by  i)lacing  a  stone  in  a  sling  attached  to  the  under  part  of 
the  tripod.  In  measuring,  the  tripods  are  placed  so  that  the  distance 
between  the  fine  needles  which  are  fixed  in  their  upper  surfaces  is 
some  centimetres  less  than  the  full  length  of  the  tape.  The  zero  mark 
on  the  rear  end  of  the  tape  is  brought  into  coincidence  with  the  needle 
on  the  rear  trii)od.  The  spring  balance  is  attached  to  the  forward  end 
and  a  tension  predetermined  upon  is  applied.  The  reading  on  the  tape 
is  then  made  to  the  tenth  of  a  millimetre  by  approximation,  and 
recorded.  (The  forward  tripod  now  becomes  the  rear  one,  and  the 
operation  just  described  is  repeated.) 

The  length  of  the  line  is  comput<»xl  by  considering,  besides  the  read- 
ings just  referred  to,  the  followi;ig  corrections:  The  constant  correc- 
tion to  the  length  of  the  tape,  obtained  by  measuring  with  it  a«  line  of 
known  length — the  comparator;  the  reduction  to  the  horizontal  pro- 
jection, determined  from  the  difference  in  the  elevation  of  the  trii)od 
heads  for  each  tape  length,  and  the  correction  for  temjierature,  that  of 
the  tai>e  being  taken  as  the  temi)erature  of  the  air. 

When  the  measurement  is  prosecuted  in  this  manner  the  weather 
occasionally  interferes.  The  steel  tai)es,  which  are  usually  13°"°  in 
breadth,  offer  in  a  length  of  20"',  when  turned  flat  side  to  the  wind,  a 
surface  of  one-fourth  square  metre,  approximately.  A  strong  wind, 
therefore,  causes  a  waving  motion  and  moves  the  millimetre  scale  along 
the  needle  so  rapidly  as  to  make  a  reading  inaccurate.  Again,  it  is 
easy  to  see  that  in  the  sunshine  the  temi>erature  of  the  air  is  not  the 
same  as  that  of  the  t^ipe  or  even  that  of  the  thermometer,  which 
makes  the  thermometric  reading  very  unreliable.  For  this  reason  the 
application  of  this  method  of  obtaining  the  temperature  of  the  tape 
should  be  made  use  of  only  when  the  sky  is  clouded  and  the  air 
perfectly  still  or  in  a  gentle  wind. 

To  obviate  these  difficulties  was  the  purjiose  of  the  following  experi- 
ments: 

The  effect  of  the  wind  is  diminished  partly  by  selecting  a  tape  as 
small  in  cross  section  as  possible  and  partly  by  increasing  the  tension. 


REPORT   FOR  1893 — PART   II.  127 

In  the  matter  of  cross  section  there  is  a  minimum  which  must  not  be 
exceeded  in  order  to  avoid  an  appreciable  stretching  in  applying  the 
tension.  Therefore,  as  the  width  is  diminished  the  thickness  must  be 
increased,  which  leads  to  the  fact  that  a  circular  cross  section  is  the 
best,  and  instead  of  tapes  wires  should  be  used.  When  the  tension  is 
increased  it  is  necessary  to  know  the  length  correction  for  this  increased 
tension;  to  find  this  the  comparator  is  measured  with  that  tension. 
Whenever  the  entire  length  of  the  tape  is  not  employed,  it  is  best  to 
determine  the  tension  which  will  make  the  correction  to  the  length 
proportional  to  the  length  utilized. 

In  order  to  be  able  to  safely  determine  the  temperature  under  all 
conditions,  there  appears  to  bo  no  better  way  than  to  employ  two  wires — 
for  example,  one  of  steel  and  one  of  brass — whose  coefficients  of  expan- 
sion are  different.  If  these  ^vires  are  of  the  same  size  and  have  a 
similar  surface^ — nickel  plated,  for  instance — and  are  handled  in  the  same 
manner,  there  is  no  apparent  reason  why,  on  the  average,  they  should  not 
have  for  the  entire  measurement  the  same  temperature;  and  this  tem- 
perature can  be  determined  from  the  differences  in  the  readings  of  the 
two  wires  stretched  successively  between  the  same  two  fixed  points. 

After  making  these  suggestions  and  before  passing  on  to  a  descrip- 
tion of  the  instruments  and  a  report  of  the  results,  I  shall  give  the  devel- 
opment of  the  requisite  formulas. 

The  following  notation  is  employed: 
Lo  =  the  normal  length  of  the  tape  or  wire,  or  the  length  which  it  indi- 
cates when  supi>orted  and  without  tension. 
L  =  the  straight-line  distance  between  the  two  zero  marks  when  the 
tape  or  Avire  is  supported  at  both  ends,  hangs  freely  through- 
out its  length,  and  is  subjected  to  a  tension  /. 
g  =  gravity,  force  of. 
m  =  mass  of  a  unit's  length  of  the  tape. 
w  =  weight  of  a  unit's  length  of  the  tape. 
s  =  the  extension  of  a  unit's  length  due  to  a  unit  tension. 
c  =  correction  to  the  length  due  to  a  curvature  of  the  tape. 
Ci  =  correction  to  the  length  due  to  tension. 

One  has  then 

w  =  m  g 

The  curve  line  which  the  tape  forms  when  it  hangs  suspended  from 
its  two  end  points  has,  according  to  Sturm's  Cours  de  Mecanique,  vol.  2, 
p.  48,  the  following  equations: 
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^  (0  («) 

f^Jc'+P  (d) 

T=icy  (e) 

in  which  the  y  axis  is  vertical  and  the  x  axis  horizontal,  the  former 
passing  through  the  curve  at  its  lowest  point  and  the  latter  at  a  dis- 
tance, k^  below  it;  I  the  length  of  the  curve  reckoned  from  the  point 
where  the  y  axis  cuts  the  same,  p  the  radius  of  curvature,  and  T  the 
tension  exerted  in  the  direction  of  its  length. 

When  the  two  ends  are  at  the  .same  height  the  ordinates  will  be 
equal,  while  the  abscissas  will  be  equal  but  with  oi)posite  signs.  If  L 
be  the  length  of  the  tape  and  a  the  straight-line  distance  between  the 
end  points,  then 

a  ^   a 

i  =  2&/ -/- 

or  expressed  in  a  series 

3  5  * 

^"•^  ^^  -  *  =  24  X-^  +  1920.  F  + (-^^ 


In  the  experiments  it  was  found  that  all  the  terms  after  the  first 
would  fall  between  O-OO^l'"*"  and  0-001°''" ;  hence  it  can  be  assumed  that 

24  ik^ 
T 


L  —  a  = 


From  (e)  1  = 

wy 

,       Tk 
or  k=    - 

wy 

k 
From  a  series  of  tabulated  values  it  was  found  that  -  changed  value 

y 

with  ky  but  only  to  the  extent  of  o-oVo  ^^  the  whole,  or  that  the  factor 

k 

=  1.    This  gives: 

k  =  ^ 

w 


and 

or 

or  placing 

i.  =  o» 

and 

w  =  mg 
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we  have  c=-^^ 

Likewise  Ci—sLoT 

from  which  we  have 

L  =  L^--^^f  +  >,L„T (1) 

For  the  force  To  (the  normal  tension),  which  makes  L  equal  to  Xo,  it 
would  give 

V     24«  V24« ^  ^ 

in  which  V  (or  tr  />o)  is  the  weight  of  the  entire  tape. 

If  it  should  be  necessary  to  employ  a  fractional  part — say.  the  nth 
part  of  the  tape — and  we  wished  to  know  the  corresponding  part  of 
the  normal  length,  we  would  have  to  introduce  a  tension,  T"',  which 
is  obtained  by  substituting  in  (2)  n  L^  for  Xo,  from  which  we  obtain 

If,  on  the  other  hand,  a  greater  tension,  T,  is  made  use  of  in  order  to 

diminish  the  effect  of  the  wind,  the  distance  between  the  zero  2>oints 
will  be  greater  than  L^.    We  therefore  place 

X  =  X„(1+/) 
or  the  factor  /  =  A"-^" 


From  (1)  we  obtain 


'O 


J  —  —    24  T'^    ^  ^^  —  —  24  T'**    ' 
or  /=-i^^^,  +  «T (4) 

When  oidy  a  part  of  the  tape  is  utilized,  the  corresponding  or  wth 
part  of/  is  obtained  by  first  finding  from  T  the  value  T,  From  (1) 
we  have 

nho  (1  +/)  =  wA.  -      •  ;    -2  ■  +  mLoT, 

2^  1' 

from  which 

/=-^ f-H«T' 

24  T' 

which  combined  with  (4)  gives 

y2 


or  ^'=^-24-.r^  +  24-.^''^ («) 


y2  F*     .  J. 

T 
where  the  value  of  V  is  given  by  approximation. 

S.  Ex.  19,  pt.  2 9 


130 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


If  ;>  is  the  sag  of  the  tape  at  its  lowest  imint,  or  the  height  of  the 
segiiieut  of  the  circle  formed  by  the  tape,  we  have 


!>  =  * 


U?ic 


UV 


For  three  steel  taiMis  .1  aud  B  (\h)X\\  20"'  Umg,  the  latter  nickel 
plated)  and  0,  nearly  30"'  in  length,  but  iistnl  as  a  20"' tape,  I  found, 
using  the  metre  as  a  unit  of  length  and  a  kilogramme  as  the  unit  of 
weight: 

.4,     ?^  =  0•01977^  K  =  0-0000214 4: 6,  i*tr  =  0-000000424 ill 
b\  0-0180S  0-0(K)0226iG,  0-0(MM)004294: 12 

(\  0-01653,  0-000023445,  0-(HH)000.3874    8 

The  determination  of  s  and  hw  were  made  while  subje<;ting  the  tiipes 
when  horizontal  to  a  tension  by  means  of  a  dynamometer;  also  when 
vertical  by  suspcMiding  them  from  a  high  tower  aiul  attaching  weights 
to  the  lower  eiuls.    The  mean  temperature  was  ii"^  (C). 

From  these  values,  by  means  of  (2,,  we  obtain 

for  .4,     r„  =  0-72k 
B,  (r43 

0,  5-80. 

For  the  elucidation  of  the  formuhi>s  given  above,  the  following  table 
is  given  for  A,  which  was  used  in  the  experimental  determinations  of 
length : 


r 

M 

ttL 

7„=6-72k 

1 

1 

/=o 

T=to^ 

7  =  ,5^ 



_/=0'OOOI4Q 

y— 0000293 

m. 

o  oo 

0 

000 

696 

1365 

0-05 

I 

091 

698 

13-65 

o-io 

2 

1-45 

702 

13-67 

015 

3 

1-88 

710 

13-69 

0-20 

4 

230 

7  20 

1371 

025 

5 

267 

732 

13-75 

030 

0 

301 

7  45 

13-79 

:      035 

7 

3  34 

7  60 

13-84 

040 

S 

365 

777 

13-90 

045 

9 

3  95 

7  94 

13-96 

0-50 

10 

424 

811 

14-03 

055 

II 

4-5> 

830 

1411 

i      060 

12 

478 

848 

1419 

065 

»3 

505 

867 

14-28 

070 

14 

5  30 

8-86 

14-37 

'       075 

'5 

5-55 

905 

14-47 

oSo 

16 

579 

924 

14-57 

.     0-85 

17 

603 

9  43 

14-67 

'     090 

18 

6-27 

9-62 

1478 

005 

19 

650 

981 

14-89 

I  00 

20 

672 

lo-oo 

15  00 

If  the  length  fj„  is  known  when  the  tension  r„  was  used,  it  is  possible 
by  means  of  the  formula  already  given  to  determine  the  length  under 
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a  teusioD,  T,  introdacing  for  that  purpose  the  factor  j\  However,  it  is 
preferable  to  ascertaiu  from  the  comparator  this  length  with  the  appli- 
cation of  the  new  tension. 

The  disturbing  influence  of  the  wind,  as  has  been  said,  chiefly  shows 
itself  in  adding  to  the  difficulty  of  reading  the  scale  on  the  ta>pe.  If 
this  interference  of  the  wind  is  regarded  as  niauifesting  itself  in  a  con- 
stant thrust  sidewise,  or  a  lateral  curving  of  the  tape,  it  is  possible  by 
means  of  equation  (1)  to  determine  the  length,  introducing  in  the  place 
of  (/  a  factor  representing  the  strength  of  the  wind.  From  this  it  will 
be  seen  that  the  distortion  in  question  is  proportional  1?o  the  square  of 
the  force  of  the  wind  and  inversely  proportional  to  the  square  of  the 
tension.  But  the  force  of  the  wind  is  proportional  to  the  exposed  sur- 
face of  the  tax)e,  from  which  it  is  apparent  that  to  avoid  these  obstacles 
the  use  of  wires  is  well-nigh  imperative. 

In  case  the  mciisurement  takes  place  under  a  different  latitude  or  at 
a  greater  elevation  than  that  of  the  comparator,  it  is  necessary,  in 
order  to  be  able  to  compute  the  effect  of  gravity  uxx>n  the  results  of 
the  measuring,  to  take  into  consideration  two  distinct  cases: 

1.  When  the  tension  is  effected  by  means  of  a  spring  balance. 

2.  When  the  tension  is  effected  by  means  of  weights. 

In  the  first  instance  the  tension  is  unchanged,  although  the  weight 
of  the  entire  tape  or  wire  is  different  at  the  two  places.  If  the  length 
of  the  wire  was  found  firom  the  comparator  to  be  L  under  a  tension  of 
T,  and  at  the  base  line  the  same  tension  was  applied,  then  the  straight- 
line  distance  between  the  zero  marks.  X^  can  be  obtained  from  the 
equation 

24  I^     V        <f/ 

in  which  g  and  </  represent  the  gravity  at  the  comparator  and  the  base 
line,  respectively.    This  e<xuation  can  also  be  written 

or  with  sufficient  ap[)roximation 

In  the  second  case,  where  the  tension  is  exerted  by  means  of  weights, 
their  tensive  force,  as  well  as  the  weight  of  the  wire  or  tape,  will  vary. 
If  M  represent  the  mass  of  the  object  used  to  produce  the  tension,  then 
its  weight  (taking  the  place  of  T  in  formula  (1) )  at  the  two  places 
would  be  if  (/  and  Mg^ ;  this  would  give 

U-L^-^HLJIg  (1-^-) 
or 

U  -L^-sL^T^"-^' (7) 

For  the  numerical  results,  see  pages  133-134. 
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PESCEIPTION    OF    THE    INSTRUMENTS. 

tn  the  measaremeDts,  wires  were  chiefly  made  use  of,  and  steel  tapes 
employed  only  when  the  distance  between  two  tripods  happened  to  be 
less  than  the  length  of  a  wire.  In  such  cases  it  was  necessary  to  use 
a  tape,  since  it  was  not  xx>ssible  to  graduate  a  wire  throughout  its 
entire  length. 

As  has  already  been  remarked,  wii*es  were  used  in  pairs — one  of  steel 
and  one  of  brass.  Piano  wire  was  found  to  be  the  best  size  for  the 
steel.  The  brass  wire  was  repeatedly  pulled  through  a  draw  plate  so 
as  to  give  to  it  its  greatest  possible  ductility.  In  selecting  a  wire  one 
must  see  to  it  that  there  are  no  longitudinal  cracks  in  it,  a  fault  which 
may  be  found  by  cold  hammering  even  when  invisible  to  the  naked  eye. 

When  it  becomes  necessary  to  roll  up  the  wires,  it  is  advisable  to 
give  to  the  rings  the  size  which,  if  left  to  themselves,  they  would  nat- 
urally take,  so  that  they  may  not  suffer  a  i>ermanent  change  in  length 
through  bending.  The  winding  and  unwinding  must  be  done  with  the 
greatest  care,  and  every  possible  precaution  taken  that  no  kinks  are 
formed.  Should  any  occur,  it  will  be  necessary  to  redetermine  its  length 
before  continuing  the  measurement.  It  may  be  remarked  that  when- 
ever any  slight  unevenness  occurs  on  the  wire  the  error  in  length 
resulting  therefrom  is  always  the  same  under  equal  tension.  The  dan- 
ger, therefore,  arising  from  such  misfortune  is,  as  experience  shows, 
considerably  less  than  one  would  be  inclined  to  imagine. 

The  wires  are  provided  at  both  their  ends  with  scales  1  decimetre 
in  length,  divided  into  millimetres.  These,  marked  8  in  figure  2,  are 
attached  longitudinally  to  brass  tubes.  The  free  end  of  the  twisted 
wire  is  inserted  into  the  outer  terminals  of  this  tube  and  firmly  soldered 
thereto.  To  prevent  the  wire  from  twisting  when  in  use,  a  turn  buckle, 
r,  is  inserted,  which  also  makes  it  possible  to  bring  the  scale  into  the 
most  favorable  position  with  respect  to  the  needle  in  the  top  of  the 
tripod  for  reading. 

Of  the  ten  wires  made  by  the  mechanician,  Fr.  J.  Berg,  of  Stockholm, 
eight  have  been  repeatedly  investigated  on  the  comparator,  which  will 
be  described  later  on.  All  these  wires  have  a  length  of  25*".  This 
length  was  made  necessary  by  the  desire  to  employ  each  wire  as  often 
as  i)ossible  on  the  100"'  comparator.  Otherwise,  wires  of  30°»  or  more 
would  have  been  used. 

The  pair  A  B  was  utilized  since  March,  1882,  G  B  since  April,  E  F 
since  September,  and  M  N  since  April,  1883.  The  reason  why  I  em- 
ployed so  many  wires  was  to  determine  from  experience  what  diameter 
is  the  best,  and  also  to  confirm  or  disprove  the  oft-expressed  fear  of  a 
continuous  change  in  the  length  of  tapes  or  wires  under  use. 

The  following  wires  were  nickel  plated : 

For  A  (steel)  and  B  (brass)  before  plating  the  weights  were  found 

to  be 

A     tc  =  0-014o9^- 

B  0-01624 
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After  plating 

A     v>=:  0-01469^ 

B  0-01629  • 

Likewise  it  was  found  that  under  tension,  with  a  temperature  of  +1^ 
(Celsius),  the  following  wires  gave: 

A .-..,«  =  0-00002799,  8W  =  0-00000041 1 
5....,        0-00006769,  0-000000940 

Since  the  wires  are  always  employed  throughout  their  entire  length, 
which  is  not  the  case  with  tapes,  it  is  of  slight  importance. whether  these 
quantities  are  known,  even  if  approximate  values  are  at  times  needed. 
A  knowledge  of  such  values  can  be  obtained  with  sufficient  accuracy 
if  it  is  supposed  that  for  the  same  metal  ic  is  proportional  to  the  surface 
of  a  transverse  section  or  to  the  square  of  the  diameter  (a  *d^^  in  which 
a  represents  a  constant  and  d  the  diameter) ;  also,  that « tr  is  a  constant 

and  8  inversely  proportional  to  the  square  of  the  diameter,  or  equal  to  j- 

For  A,  rf  ^  l-53""»,  and  for  jB,  d  =  l-57«>™.    If  a  be  expressed  in  milli- 
metres, we  would  have: 

for  steel,  a  =  0-006275>^ ;    u»  =  a(P [log.,  7-7976] 

h  =  0-0000656" ;  «  =  ji [log.,  5-8162] 

for  brass,  a  =  O.OOBOOO*' . . ., [log.,  7-8201] 

&  =  0-0001422"* [log.,  6-1529] 

From  these  two  values  for  a  the  specific  gravity  was  found  to  be  for 
steel,  7-99,  and  for  brass,  8-41. 

After  having  determined  the  diameters  of  the  other  wires,  the 
remaining  quantities  were  found  to  have  the  following  approximate 
values: 


Wire 

d                w 

X 

*/.. 

T. 

T 
k. 

/ 

mm. 

i. 

k. 

m. 

Steel. 

A 

1-53 

0*01469 

0*00002799 

0*000700 

0367 

585 

10 

0*11 

Brass. 

B 

I '57 

0*01629 

000005769 

0001442 

0-407 

4-92 

10 

0*13 

Brass. 

C 

1*52 

00153 

0'Oooo6i6 

0-00154 

0*38 

4-6 

10 

0*I2 

Steel. 

D 

i-Si 

00143 

00000287 

0-00072 

036 

57 

10 

o*u 

Steel. 

E 

2*04 

0*0270 

00000157 

0*00039 

0*65 

10*4 

10 

0*20 

Brass. 

F 

2 -02 

0*0270 

0*0000349 

0*00087 

0-67 

8*2 

10 

0*21 

Steel. 

M 

2*66 

0*0444 

0*0000091 

0*00023 

i*ii 

17*7 

15 

0*23 

Brass. 

N 

2-66 

0*0468 

0 -0000201 

0*00050 

1*17 

14*2 

15 

0*24 

*  If  for  any  reason  10,  and  likewise  F,  Maffered  any  change — for  example,  through  the 
wear  of  the  plating  or  removal  of  the  plating — c  took  ou  a  new  valne,  which  was 
determined  from 

LoV 


dc  = 


dV 


12  T^ 

Also  8  wonld  change,  giving 

dci=i1  L„Td8. 

From  these  equations  it  can  be  seen  how  small  the  dreaded  changes  from  these 
sources  are. 
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We  readily  obtaiu  from  (2) 


2^b 

RDd 


T..=tr/, 


With  a  wire  it  is  easy  to  obtain  d  by  measiirinjs:,  and  in  a  tape  w  can 
be  found  by  weighing;  therefore  the  forniuhis  just  given  can  serve  in 
determining  an  approximate  value  for  7',.  The  values  given  in  the 
eighth  column  of  the  above  tiible  were  obtained  in  this  way.  The  knowl- 
edge of  To  is  of  no  direct  value,  yet  for  the  sake  of  comparing  values 
of  it  with  the  arbitrarily  taken  values  of  T,  as  shown  in  column  9,  they 
are  here  giv^n.  If  it  is  desired  to  obtain  T„  more  easily,  it  can  be  done, 
from  formulas  (8)  and  (9),  expressing  To  and  w  in  kilogrammes,  and  d  in 

millimetres. 

Steel,  L  =  20">,  T„  =  2-16  dP  =  344  ?r 

Brass,  To  =  1-72  (P  =  261  ?r 

Steel,  7>  =  2;V",  To  =  2-50  <f-' =  399  w? 

Brass,  T„  =  2-00  (P  =  303  w 

If  we  take  the  values  given  in  the  above  table  and  insert  them  in 
formulae  (6)  and  (7),  we  will  obtain  for  the  intluence  of  the  varying 
force  of  gravity  the  following,  in  millimetres: 

1.   TeiiBion  with  npriny  halance. 

A  B  C  1)  K  F  M  X 

+  2-S     +3-5     +3-0     +2-7     +  8-S     +9-4     4-11-4     -f  12-7 

2.   Tens  ion  from  weightfi. 

A  B  C  I)  E  F  M  N 

-  7-0     -  14-4     -  15-4     -  7-2     -  3-9     -  8-7     -  3-5     ~  7%") 

(f  —  a' 
These  values  have  not  been  multiplied  by  the  fa<itor*       '     ;  but  as 

this  factor  never  exceeds  0*0052,  it  would  give  a  correction  of  only 
O-OW)"""  for  N  and  0-080  for  C. 

The  wires  A  B  and  C  J)  were  found  to  be  easily  handled,  while  more 
trouble  was  experienced  with  M  X.  The  latter  were  given  a  greater 
thickness  that  they  might  serve  as  standards  for  the  others,  it  being 
acce[)ted  that  they  would  be  less  subject  to  change  than  the  lighter 
wires. 

For  the  corrections  to  reduce  a  25"  wire  to  the  horizontal  projection, 
the  following  table  was  computed  from  the  foiinula 

^'  -  2i  +  8L'  +  l&L'^ (^^) 

in  which  Jc  is  the  correction,  always  positive;  L  the  length  of  the  wire, 
and  k  the  diii'erence  in  elevation  of  the  two  tripod  heads: 
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Carreotioh  far  reduction  to  a  horizontal  projection. 


k 

k 

k 

k 

mm. 

h 
m. 

k 
mm. 

k 
m. 

k 

m. 

tntn. 

m. 

mm. 

o-oo 

o-o 

0-66 

87 

I  26 

318 

1-86 

69-3 

0-04 

o-o 

067 

9-0 

I  27 

323 

I  87 

70-0 

005 

01 

068 

92 

I  28 

328 

1-88 

708 

008 

o-i 

069 

9-5 

I  29 

333 

I  89 

71  5 

0*09 

0-2 

070 

9-8 

I  30 

33-8 

1-90 

72  3 

o-ii 

02 

071 

lOI 

131 

34  3 

I -91 

73< 

012 

03 

072 

IO-4 

I  32 

34  9 

I  92 

73-8 

013 

03 

073 

107 

^"hZ 

35*4 

'•93 

74-6 

0-14 

03 

074 

II  o* 

>-34 

360 

I  94 

75  4 

OIS 

04 

075 

"•3 

1-35 

365 

I  95 

76-2 

016 

05 

076 

II-6 

136 

370 

1-96 

769 

0-17 

05 

077 

II-9 

'•37 

37-6 

1-97 

777 

018 

0-6 

078 

12-2 

138 

381 

1-98 

78S 

019 

07 

079 

125 

1-39 

387 

1-99 

79*3 

0-20 

08 

080 

12-8 

I  40 

39*2 

2-00 

801 

0-2I 

0-9 

081 

131 

I -41 

39-8 

2'OI 

80-9 

0-22 

i-o 

082 

13-5 

I  42 

404 

2  02 

817 

023 

II 

083 

138 

1-43 

409 

203 

82-6 

0*24 

1-2 

084 

141 

1-44 

41-5 

2  04 

83-4 

0-25 

1*3 

085 

MS 

1-45 

42*1 

2  05 

842 

0-26 

1-4 

0-86 

148 

146 

427 

2 -06 

850 

0-27 

1-5 

087 

151 

1-47 

43*3 

2  07 

867 

028 

1-6 

088 

»5S 

1-48 

43-8 

208 

875 

0*29 

17 

089 

15-8 

1-49 

44  4 

2-09 

88*4 

030 

1-8 

0-90 

162 

1-50 

450 

2-IO 

89-2 

031 

1-9 

0-91 

166 

I  SI 

45-6 

2-II 

90-0 

032 

20 

0-92 

16-9 

I  52 

463 

2*12 

909 

033 

2-2 

093 

17-3 

'•53 

46-9 

213 

91-8 

034 

23 

094 

177 

1-54 

47-5 

214 

92*6 

035 

2-5 

095 

i8-i 

I  55 

481 

215 

93*5 

036 

2-6 

0-96 

i8-4 

156 

487 

2-i6 

94*4 

037 

27 

097 

188 

1-57 

49  3 

217 

95-2 

038 

29 

098 

19-2 

158 

50  0 

218 

96-1 

039 

30 

099 

19-6 

1-59 

50 -6 

2-19 

970 

0-40 

3*2 

I  00 

2Q-0 

I  60 

51-3 

2 -20 

97  9 

0-41 

3  4 

I  01 

20 '4 

I  61 

51  9 

2-21 

988 

042 

3-5 

I -02 

20 -8 

I  62 

525 

2-22 

997 

043 

37 

I  03 

21*2 

163 

53-2 

223           ] 

[00-6 

044 

3  9 

I  04 

21-6 

164 

53-8 

224           1 

[015 

045 

41 

105 

22-1 

165 

54-5 

2-25           1 

to2-4 

0*46 

4-2 

I -06 

22  5 

1-66 

55-2 

2  26           ] 

1033 

047 

4-4 

I  07 

22-9 

167 

55-8 

227           ] 

1033 

048 

4-6 

108 

233 

1-68 

565 

228           1 

[04-2 

049 

4-8 

I  09 

238 

I  69 

57-2 

229           ] 

1051 

050 

50 

IIO 

242 

170 

57  9 

2  30           1 

[060 

0-51 

5-2 

III 

247 

171 

58-6 

231            1 

[069 

0-52 

5-4 

1*12 

251 

172 

59-2 

232           1 

[079 

053 

5-6 

II3 

255 

173 

59*9 

2-33        ] 

[o8-8 

054 

5-8 

114 

26*0 

174 

606 

234        J 

[098 

055 

61 

115 

265 

175 

61  3 

2*35        ' 

[107 

056 

6-3 

116 

26  9 

176 

62-0 

2-^6        ] 

[II -6 

057      . 

6-5 

117 

274 

177 

627 

237     1 

[12-6 

058 

67 

118 

279 

178 

634 

238     1 

113-5 

059 

7-0 

119 

283 

179 

642 

239      1 

[14-5 

o-6o 

72 

I  20 

28-8 

I  80 

649 

2-40        ] 

[155 

iO'6i 

7-4 

1*21 

293 

I  81 

65 -6 

241        1 

[164 

062 

77 

1*22 

298 

I  82 

66-3 

2  42           1 

117-4 

063 

7.9 

I   23 

303 

183 

671 

2-43        ] 

[i8-4 

0*64 

«-2 

1-24 

308 

184 

678 

2-44        ] 

[194 

065 

8-5 

I   25 

3>-3 

185 

685 

2-45         ] 

[203 

136 


U.  8.  COAST  AND  GEODETIC  SURVEY. 


CorrectUm  far  reduction  to  a  horizontal  projection — Con  tinned. 


k 

1 

k 

k 
m. 

k 

mm. 

4 

k 

h 
m. 

k 
mm. 

m. 

^W*^*  • 

m. 

mm. 

2-46 

121-3 

'     254 

1294 

2-62 

«37  7 

2-70 

146*2 

2-47 

1223 

255 

130-4 

263 

13S-O 

2-71 

M7-3 

248 

1233 

2-56 

■3«  4 

2*64 

1398 

272 

148-4 

2-49 

■243 

2-57 

■32-4 

2-65 

140 -8 

2*73 

M9-5 

2-50 

"253 

2-58 

"33-5 

266 

141  9 

2  74 

150-6 

2-51 

126-3 

259 

»34  4 

2-67 

1430 

2-75 

151-7 

2-52 

127-3 

2-60 

'356 

2-68 

144  I 

2-76 

152-8 

253 

1283 

2-61 

<36-5 

2-69 

145  I 

The  table  exteDds  only  to  a  difference  of  2-HP"  in  the  height  of  the 
two  tripods,  because  a  greater  inclination  than  this — I  m  1) — should  be 
avoided.  In  such  extreme  cases  an  error  in  elevation  of  1'"'"  would 
produce  an  error  of  0*1"™  in  the  lenj^th. 

From  equation  (10)  we  obtain  by  differentiating 


2D 


tlk'^-^c^T^tlL 


(11) 


from  which  it  appears  that  when  L  is  not  exactly  25™,  but.  as  is  usually 
the  case,  varies  a  few  centimetres,  owing  to  the  scale  readings,  the 
corrections  taken  from  the  table  will  not  be  correct.  If  /i=3'"  and 
il  />=-|-r)0»""\  then  the  ern>r  referrtMl  to  wonhl  amount  to  — (V;M5"'«". 

To  compute  A-  in  those  instances  where  L  is  not  <|uite  25'",  as  in  the 
use  of  parts  of  a  steel  tape,  one  can  i>rocee<l  as  follows: 

Place  in  e^iuation  (10)  a  for  all  the  terms  of  the  second  member 
except  the  first,  that  is 

mdMJ 

then 


/*=\VSar3-2«L 


(12) 


If  h  and  L  are  expressed  in  metres  and  A-  in  millimetres,  then 


ir- 


A=^x500"""+rt 


(12a) 
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from  which  it  is  easy  to  corapiite  k  by  takiu^  a  from  the  following 
table: 


L(m.)  ^ 

1 

a 

O'OS"*"* 

Q'leniin 

j      0'25''"'° 

h 

i  0-35™™ 

1 

o*45™™ 

<■ 

m. 

m. 

m. 

m. 

m. 

I 

0-14 

0-19 

2 

024 

0-31 

3 

032 

042 

4 

040 

053 

5 

047 

0-62 

6      . 

054 

071 

o-8x 

7 

061 

080 

0-91 

8 

0*67 

0-88 

I -00 

9 

073 

097 

I'lO 

1-19 

lO 

079 

1-05 

1*19 

1*29 

II 

085 

1*12 

I  28 

>-39 

12 

091 

I'20 

I  36 

I  48 

>3 

097 

I  27 

'•45 

1-57 

1-67 

14 

I'02 

'•35 

1-53 

1-66 

177 

15 

108 

1*42 

I -61 

175 

1-86 

i6 

113 

1-49 

1*69 

I  84 

1-96 

17 

118 

I  56 

177 

1-92 

2-05 

i8 

1*24 

1*62 

1-85 

2-01 

2*14 

19 

1-29 

1*69 

1*92 

2*09 

2-23 

20 

1*34 

176 

2-00 

2-17 

231 

21 

1-39 

I  82 

2-07 

2-25 

2*40 

22 

144 

I  89 

215 

2-33 

248 

23 

148 

I  95 

2-22 

2*41 

2-57 

24 

1-53 

2'02 

2*29 

2-49 

265 

25 

158 

208 

2  36 

257 

273 

2t» 

I  63 

2*14 

2*43 

2  65 

2  82 

27 

1-67 

2-20 

2  50 

272 

2-90 

28 

172 

2-26 

2-57 

280 

298 

29 

177 

232 

2  04 

•  2  87 

306 

30 

1. 81 

238 

271 

2-95 

314 

If/  represent  the  error  in  the  leveling  rod,  then  for  a  difference  of 
elevation  h  we  must  write  h  (1+/) ;  therefore  from  (10)  we  Avill  have  for 
the  reduction  to  the  horizon 


or  with  sufficient  approximation 


or 


^-'=A:(l+2/) 
^^A-'=(l  +  2/):^^fc 


(13) 


Both  ends  of  the  wires  are  provideil  with  balances.  The  one  at  the 
end  whete  the  scale  on  the  wire  is  read  is  to  bring  about  the  desired 
tension,  while  the  other  is  to  hold  the  counter  action  at  the  same  ten- 
sion and  to  avoid  as  far  as  possible  any  drag  on  the  tripod  which  car- 
ries the  mark  indicating  the  terminus  of  the  preceding  wire.  For  the 
latter  an  ordinary  spring  balance  such  as  is  found  in  the  stores  will 
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annwer,  but  for  the  former  purpose  a  more  carefully  constructed  bal- 
ance will  be  required.  From  this  it  will  be  seen  that  iu  measuring  in 
the  field  two  spring  balances  are  needed — a  smaller  and  a  larger  one. 
These  balances  are  employed  to  measure  the  horizontal  tension  and 
not  to  weigh  anything  in  a  vertical  position,  as  is  supposed  to  be  the 
case  when  the  graduation  is  made.  Therefore  it  is  necessary  to  take 
into  consideration  the  diflPerence  in  the  readings  in  these  two  cases  for 
actual  tension.  This  difference  can  be  obtained  by  adding  to  half  of 
the  weight  of  the  spring  the  weight  of  those  parts — b  and  c — which  are 
attached  to  the  lower  end  of  the  spiral  spring.  It  is  easy  to  find  that 
if  p  represents  the  entire  weight  of  the  dynamometer,  y  the  difference 
just  mentioned,  x  the  correction  to  the  horizontal  reading  for  0  1c^  a  the 
reading  on  the  balance  when  it  hangs  vertical  and  free,  and  a'  the 
reading  when  the  balance  is  inverted  and  susi>ended  by  its  own  hook, 
then 

j>— a'— tt 
2 


x= 


and 


y=      9  - 


(14) 


By  way  of  iUustration,  the  following  quantities  are  added : 


The  difference  between  the  readings  of  the  balance  when  hori 
zontal  and  when  vertical, 

The  diameter  of  the  steel  wire  which  formed  the  spring, 

The  outer  diameter  of  the  spring, 

The  inner  diameter  of  the  spring, 

The  mean  radius  of  the  spring =^ 

Extension  of  spring  for  i  JSr  :=/  y 

The  number  of  coils  in  the  spring =^ 


Old 

New 

balance. 

balance. 

/.'. 

k. 

0II5 

oi86 

mfft. 

mm. 

2-25 

2*62 

20  5 

26-0 

i6-o 

208 

91 

II-4 

8-34 

10-14 

42 

39  5 

We  will  have 


/=fc 


R'h 


(Ua) 


where  k  =  ()-(K)73  for  steel. 

The  scales  on  both  balances  were  divided  into  tenths  of  a  kilogramme, 
making  it  possible  to  read  to  hundredths  by  approximation. 

If  the  same  balances  are  used  in  measuring  that  were  employed  on 
the  comparator,  it  is  not  necessary  to  determine  these  corrections;  but 
if  different  balances  are  made  use  of,  it  will  be  absolutely  necessary  to 
investigate  each  balance  that  is  employed.  For  this  reason  it  is  deemed 
well  to  give  the  correction  for  the  two  balances  mentioned.  In  each  case 
the  vertical  weighing  is  given  with  proper  correction  to  make  it  the 
equivalent  of  the  horizontal  tension. 
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Tike  old  balance. 

[1883,  Apr.  a4.] 

[1884,  Jan.  30.] 

[1884,  Feb.  3.1 

Temp. 

=  -fi3' 

Temp, 

.=-K« 

Temp.=-4-a» 

Temp.s-fa^' 

Weight. 

Corr. 

Weight. 

Corr. 

Weight.       Corr. 

Weight        Corr. 

Ok 

— Ol4>t 

Ok 

—013^ 

ok     —O'llSk 

ok    — 01 35^ 

lO 

—0-14 

9 

—01 8 

2        —014 

2       —0195 

5 

— 0*20 

10 

— O-II 

4        —017 

4       —0-245 

10 

—OIO 

6        — 0-2I 

6        -030 

9 

—019 

9      — o>7 

9       —0-27 

5 

—019 
The  new 

II        — o-io 
balance. 

II          — 0-2I 

[1883, 

Apr.  24.] 

[1884,  Jan.  30.] 

[1884,  Feb.  3.] 

Temp. =4-1 3» 

Temp. =4^" 

Temp. = -fa* 

Temp.=-\-26^ 

Weight. 

Corr. 

Weight. 

Corr. 

Weight.      Corr. 

Weight       Corr. 

Ok 

—018^ 

Ok 

— oi8>& 

ok     — 0*I9>^ 

ok    — o-205>6 

o 

—018 

0 

—018 

2        — 0-19 

2        — 0-20 

5 

— CI8 

10 

—014 

4       —0-17 

4        — 0*2I 

lO 

—018 

13 

-013 

7       -015 

6      — 0*205 

H 

—0-14 

14 

— O'll 

9        — 0-I2 

9      —0-215 

14 

— 0*14 

14 

— o-ii 

II           -013 

1 1         — 0'20 

13 

—017 

14 

—oil 

13         — 0-I2 

13     —019 

13 

—016 

>3 

—0-14 

15         — 0*09 

15      —0-18 

14 

—01 3 

0 

^018 

9 

—018 

9 

— o*i6 

lO 

— 0-17 

10 

— 0-17 

o 

018 

5 

— 0-17 

o 

— 0-19 

For  both  iustrumentB  the  two  last  determinations  are  the  mean  of 
two  Heries  of  observations. 
Since  the  correction  Jc  can  be  expressed  by  the  equation 

in  which  m  is  the  weight  suspended  and  x  and  y  are  constants,  we 
have,  after  applying  the  corrections  just  given  for  reduction  to  horizon- 
tal readings,  according  to  the  method  of  least  squares,  the  following 
equations: 

Far  the  old  balance. 


1884,  Jan.  30,  Temp. 
1883,  Apr.  24,      '* 


a 


u 


1884,  Feb. 


o 
O, 


:+    20,  fc: 
:+    GO,  jfc: 

+130,  fc= 

+  260,   JC: 


:-0-034-0«0003m. 
-0-031 +  00005W. 
_0036-00005w. 
-  0-064 -0-0085W. 


For  the  new  balance. 


1884,  Jan.  30,  Temp. 

1883,  Apr.  24,      " 

u  u 


1884,  Feb.    3, 


kk 


44  


+    20,  k: 

+  60,  h 
+  130,  A:: 
+260,  k: 


-  0-011 +0-0063W. 
-0-000+ 00045WI. 
-0-001 +0-0025m. 
-0-025+0-0013m. 


If  a?  changes  with  the  temx)erature,  it  is  evident  that  the  variation  is 
extremely  slight;  consequently  it  is  regarded  as  practically  constant. 
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However,  the  variation  in  y  can  not  be  made  a  constant  function  of 
temperature;  but  it  is  assumed  that  it  may  be  expressed  by  the  relation 

in  which  t  is  the  temperature  and  u  and  v  are  constants.    In  this  man- 
ner it  is  found  that  for  the  old  balance 


and 


y = +0-0021  -0-000365t, 

fe=  -0-041 + (0-0021  -  O-OOOaeSf  )w; 


and  for  the  new  balance 


and 


y=  +0-0060-0-000197^, 

fe=  -0-009+  (0-0060-0-000197<)iii, 


The  temx>erature  correction,  which  for  the  two  instruments  is  almost 
the  same,  can  not  be  regarded  as  devoid  of  real  significance. 

From  what  has  just  been  given,  the  following  table  of  corrections  has 
been  computed : 


The  new- 

balance. 

Temp. 

The  old  bal- 

ance  teasiun, 

\ok. 
-f  o-02^ 

Ten  sion  10^. 
+0-07^ 

Tension  15^^. 
+o-iii6 

—  IO° 

-  5° 

O'OO 

+006 

+0-I0 

o> 

— 0-02 

+0-05 

+0-08 

5» 

—0-04 

+004 

+0-07 

lOO 

— 006 

+0-03 

+005 

150 

—0-07 

+0*02 

+0-04 

200 

—  009 

+001 

+0-02 

25«> 

—Oil 

o-oo 

+0-0I 

300 

—013 

— o-oi 

—O-OI 

These  corrections  must  be  applied  with  their  prox>er  signs  to  the  read- 
ings of  the  balance  in  order  to  have  the  correct  tension. 

The  correction  for  the  length  of  the  wire  depending  upon  an  error  in 
tension  can  be  found  by  differentiating  (1),  which  gives 


dL 

arr 


12  r-* 


Tj    F2 

+  «Xo=^-4  +  «A 


12  T3 


(15) 


or  if 


7^=r.. 


(15a) 


The  equation  (15)  gives  for  a  iwsitive  error  of  Ih  in  the  balance  the 
following  positive  corrections  in  the  length  of  the  wires  in  millimetres 


for  the  wire 
)rrection 


A      B      C      D      E      F     M     N 
1-0    1-8    1-8    1-0    1-3    1-8    1-0    1-3 
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In  order  to  secure  reliable  readings  on  the  wire  scale  it  is  necessary 
to  see  to  it  that  the  friction  on  the  interior  of  the  balance  is  a  minimum 
and  that  the  observer  is  skilled  in  work  of  this  character. 

THE  COMPARATOR? 

In  February,  1882,  the  earth  not  being  in  a  frozen  condition,  two 
stones  were  set  in  the  sidewalk  extending  along  the  Technology  street, 
each  of  which  weighed  about  2,000  kilogrammes.  Into  the  upper  sur- 
face of  each  stone  was  inserted  a  brass  rod  1  decimetre  in  length, 
and  in  the  free  ends  of  these  rods  fine  holes  were  drilled,  which  marked 
the  ends  of  the  line.  The  line  was  intended  to  be  exactly  100"»  long  as 
indicated  by  an  old-standarded  steel  tape.  The  stones  rested  upon 
well- packed  beds  of  gravel  about  0-5°*  below  ground  and  extended  0*4™ 
above. 

The  line  was  measured  three  times  in  April,  1882,  and  twice  in 
November  with  the  base  apparatus  belonging  to  the  Royal  Academy 
of  Sciences.  Since  the  base  bars  are  two  toises  long,  2G  lengths  give 
101'35"'.  The  excess,  1*35™,  is  such  a  large  fractional  part  of  the  whole 
that  it  must  be  laid  off  with  great  care.  For  this  purpose  a  2™  bar  of 
Bessemer  steel  was  employed  which  had  been  tested  both  for  length 
and  graduation  aud  compared  with  the  standard  by  the  Bureau  of 
Weights  and  Measures. 

At  the  time  of  the  first  measurement  no  comparison  of  the  base  bars 
with  the  standard  was  made,  as  I  considered  that  no  significant  change 
had  taken  place  since  the  last  comparison;  at  least  no  change  of  sufil 
cient  importance  to  affect  my  results.  However,  it  can  be  seen  from 
what  follows  that  this  hypothesis  was  unjustifiable.  A,  B,  C,  D  are 
the  lengths  of  the  four  bars  of  the  base  apparatus  and  N  that  of  the 
standard,  all  at  a  temperature  of  13^  R.,  or  16o*25  Celsius.  The  quan- 
tities are  expressed  in  millimetres: 


A-N 
B-  N 
C—M 
D-N 

Mean 


1878^  Oct.  10,  in 
Stockholm. 


-f-0*0020 

-j-00305 

— 0'1272 
+00043 


•0226 


1882,  in  autumn, 

at  Jaederen. 


1883,  in  St«>ckholm. 


— 0*0294 

^-o•^374 
—0-2574 

— 00861 


'•0589 


Nov.  9. 


1*0992 
-0.2492 
—0*2888 
1088 


—0*1865 


Nov.  15. 


*o832 
0*2338 
0*2711 
0*0963 


•I7II 


Before  the  comparisons  at  Jaederen  were  made,  some  fiakes  of  rust 
we.re  removed  from  the  end  surfaces  of  the  bars,  by  which  the  lengths 
were  somewhat  shortened.  Still  the  lehgth  of  B  had  in  the  interim 
Increased  considerably  and  then  diminished  by  not  less  than  0*38»"»", 
which  revealed  a  change  of  a  most  significant  character.  I  have  here 
introduced  the  results  of  these  comparisons  in  order  to  show  why  I 
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attach  80  little  weight  to  the  measurements  of  April,  1882,  although 
the  results  agree  very  well  with  those  of  November,  1883. 

The  two  comparisons  between  the  base  bars  and  the  standard  were 
made  immediately  before  and  after  the  measurement  of  the  comparator 
in  November,  1883.  In  addition  to  this,  a  direct  comparison  was  made 
on  the  23d  of  November,  1883,  between  the  traveling  standard  belong- 
ing to  the  base  apparatus,  which  was  used  in  the  cases  just  mentioned, 
and  the  Pulkowa  standard  at  Stockholm.    It  was  here  found  that 

iSr-P=-0-0626»""', 

a  value  almost  identical  with  that  obtained  in  a  previous  comparison. 
The  results  of  the  measurements  with  the  base  apparatus  are: 


m. 


1882,  Apr.  14, 
<i    It 

99  9997 
999989 

99  9995 

Mean 
1883,  Nov.  12, 

999994 

m. 
100-0003 
loo-oooo 

Mean 

100  0001 

These  determinations  indicate  that  the  length  of  the  line  had  increased. 
Such  an  increase  also  became  apparent  in  the  discussion  of  the  lengths 
obtained  from  measuring  with  the  wires.  This  change  of  length  pre- 
sents nothing  very  surprising  when  it  is  understood  that  the  line  was 
laid  out  under  the  most  unfavorable  circumstances.  The  street  along 
which  the  line  extended  was,  iii  1882,  raised  by  a  fill  at  the  north  end 
by  as  much  as  2"'.  To  support  this  embankment  a  supporting  wall 
was  built,  for  which  it  was  necessary  to  dig  a  foundation  of  considerable 
depth.  Besides  this,  a  number  of  large  buildings  were  erected  in  the 
immediate  neighborhood,  during  which  it  is  quite  likely  that  the  stones 
received  a  jar  or  shock,  and  perhaps  several,  as  they  prei^nted  no  evi- 
dence of  violence  and  the  change  in  the  length  of  the  line  ajipeared 
gradual. 

Inasmuch  as  a  greater  increase  in  length  took  pla(;e  thiin  is  shown 
in  the  earlier  determinations,  and  since  the  value  which  was  obtained 
in  November,  1883,  can  not  be  affected  with  any  great  error,  the  former 
determination  must  be  regarded  as  having  a  value  that  i?  too  large* 
As  the  result  of  seventeen  trials,  made  between  March  22,  1882,  and 
November  17,  1883,  it  appears  that  the  northern  point  was  0'5853'" 
higher  than  the  southern,  while  no  change  exceeding  the  probable 
error  was  apparent. 

THE  INVESTIGATION  OF  THE  WIRES  AND  STEEL  TAPES  UPON  THE 

COMPARATOR. 

This  investigation  had  for  its  object  the  determination  of  errors  of 
length^  and  the  coefficient  of  expansion.  All  measurements  were  made 
when  the  sky  was  overcast  or  when  the  wires  and  tapes  could  be  pro- 
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tected  from  the  sun's  rays,  so  tliat  the  temperature  of  the  wires  could 
be  regarded  as  that  of  the  air.  The  a^'r  temperature  was  ascertained 
from  three  thermometers,  each  held  at  the  same  distance  from  the 
^ound,  one  being  near  each  end  of  the  wire  and  the  third  one  at  the 
middle.  The  thermometers  were  investigated  in  November,  1882,  and 
the  zero-point  correction  determined  and  errors  of  calibration  by  com- 
parison with  a  standard  thermometer  at  various  temperatures.  In 
January,  1884,  the  zero  points  were  again  examined  and  found  to  be 
unchanged. 

In  the  epitomized  results  of  the  measurements  of  the  comparator 
which  follow,  the  reduction  to  the  horizon  has  been  made  and  likewise 
the  errors  from  inaccuracies  of  the  leveling  rod  (equation  13)  and  those 
of  the  balances  (equation  15).    The  constant  length  correction  of  the 

wires  for  the  lOO*"  is  represented  by  j^i,  X2jX2 Xa^  while  yi,  ys?  ya ys 

stand  for  the  expansion  in  100°*  for  10^  Celsius.  The  thermometer  read- 
ings have  been  corrected  and  -+- 15^  taken  as  the  temperature  at  which 
the  wires  have  their  normal  length.  Therefore  y  will  indicate  the 
amount  by  which  the  temperature  exceeds  15^  5  and  in  the  majority  of 
cases  it  wiU  be  negative,  since  the  measurement  of  the  comparator  was 
usually  made  in  cold  weather.  The  length  of  this  line  is  represeuted 
by  Xj  which  of  course  is  regarded  as  an  unknown  quantity. 

JVirc  J. 


1882,  Mar.  27. 

X—  999693  r-«-i - 

us  yif 

No. 

of  determ. 

=  3 

Apr.  19. 

99-96884  Xi  — 

12-2^,, 

it 

i  4 

=  2 

**    26. 

99-9617+ JT, — 

5-9S>'i» 

n 

11 

—  2 

June  15. 

99-9606-1  X, — 

40  yi. 

(( 

it 

=  2 

Sept.    7. 

99-9585-1- -^i 

0-4  Vl. 

(4 

t( 

—  2 

1883,  Jan.     6. 

99-9878-f  .r,— 

26-4^1, 

*t 

it 

—  2 

"      7- 

99•9839-f  ^1 

22  5  yu 

4t 

n 

r7::2 

''    31- 

999753  4- -^1 - 

134  jKi. 

%l 

4i 

—  2 

Apr.  20. 

99-97174- Xi 

II7.V,, 

^t 

t< 

—  2 

Sept.  2$. 

999640 -I- JTl  — 

4-9  7i» 

«4 

it 

-2 

Oct.    16. 

999630  4- X, — 

3-4  yu 

*  t 

it 

—  2 

Nov.  17. 

999764-f  J-I  — 

JVire  B. 

15-9  V,, 

*t 

4  4 

—  2 

1882,  Mar.  22. 

X      r    99-9215  4- X, 

97  J^:* 

No. 

of  determ. 

:    .2 

*'    27. 

99-92814-^:2  — 

13-6   >'2, 

ti 

4i 

=4 

Apr.  19. 

99-92704-Xi- 

12-2  ^^i, 

44 

it 

—  2 

June  15. 

99-9156  4--^.' — 

41  J'.', 

4( 

it 

—  2 

Sept.    7. 

99-9105  4-j:.2  — 

07  y-i. 

4  4 

ii 

—  2 

1883,  Jan.     6. 

99-9508  4-X.2- 

26-5  y.2. 

<« 

It 

=  2 

"       7. 

99-95224-^2- 

22-6^2, 

t( 

il 

—  2 

"     31 

99*9377 -r  ^2  - 

■i3-4jKa, 

t« 

n 

—  2 

Apr.  20. 

99-9327-^.^2 

If6y.2, 

(C 

ii 

-2 

Sept.  25. 

99-9197  4- X,- 

■  4*9  .i'.'» 

4( 

ii 

—  2 

Nov.  17. 

99-9405  4- x>- 

15-9X2* 

ti 

it 

=3 
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Wire  C, 


1882,  Apr.  19.  X 

_  1000224  4-  JC3  —  1 1  '4$y:i,  ] 

No. 

of  detcrm.  —  2 

June  15. 

loooiio-f  jTa-    4*3  -K3. 

:-2 

Sept.    7. 

1000070  -f  X3  —     I  '2  ^3, 

*       —2 

1883,  Jan.    6. 

1000530 -1- xn  - 26-0  j3, 

--.  2 

**       7. 

1000471+JC3  — 2I-9>'3, 

—  2 

**     31- 

1000330-1  Jr3  — 13-4^3. 

-  2 

Apr.  26. 

1000224 4- xa    -    92  va, 

—  2 

Sept.  25. 

10001244-X3—   4*5  ^'3, 

=  2 

Nov.  17. 

1000342 -f-X3—  I575>'j, 

^2 

fFirc  D. 

1882,  Apr.  19.  A  =  100-0566  -j-  jr^  —  1 1  -6  ^'4,  No.  of  detcrm.  =3 

•*  =3 

'•                *•  --2 

it               it  ___  2 

'♦                ii  __2 

ti                ii  ^^2 

u                it  _-2 

li                it  __-  2 


Tune 

IS- 

Sept. 

7. 

1883, Jan. 

6. 

<i 

7. 

ii 

31- 

Apr. 

26. 

Sept.  25. 

Nov. 

17. 

1882,  Sept. 

4- 

{( 

7- 

1883, Jan. 

6. 

it 

7. 

n 

31. 

Apr. 

20. 

Sept.  25. 

Nov. 

17. 

100-0509  4- JJ"<  —  4*i5r4.      *'  ** 

1000498 -fx4    -   I75ly4.      " 

1000792 -fX4  —26-95^4,         *'  ** 

1000752  -f  .r4  -  21  -8  1*4,      **  *' 

1000670  r-«^4  — 134  .V4.      **  " 

1000582    1X4-       8-2    t'4,        ** 
100-0556 -hX4—     5-2;/4,  •• 

IOO-0687  4-X4  — 16-7  ^4,      **  ** 

Wire  E, 

A  =  100-0107  -|-X5  i-    I  '9  ^ft,  No.  of  determ.  —  2 

=  3 

=  2 

=  2 

=  2 
=  2 
=  2 
:=2 


it 


it 


it 


it 


it 
(t 
it 

(t 


IOOOI20-|-Xft4-     0-4iVft, 

100-041 2  -f-  X5  —  26-0  r5, 
100-0384  4-  Xft—  22-25^5, 
iooo307-fx6— 13-4  .1-6. 

100-0262 -fXft—  12*3    Vft, 

1000198-f  X5—  55  /ft, 
100-0278 -(-X5—131  ^1, 

Wire  K 
1882, Sept.    4.  A -^^r  100-0139  j  x«-}-   0-9 /6.  No.  of  determ. —r2 


it 


n 


1883, Jan. 

6. 

ii 

7- 

ii 

3»- 

Apr. 

20. 

Sept.  25. 

Nov. 

17^ 

1000157-f  Xfi-}-  02  y,„ 
ioo-o66o-f  xg  —  26 -6  j'h, 
10005844  Jf6—22-5  y^, 
ioo-0448  4xfl— 134  jfi, 
100  0409  4- xa—  i2-55^Vi. 
1000284 4- Xh—  5  9  J'b. 
10004314-X6— 13-4  >, 

Wire  if. 


ii 


ii 


<i 


ii 


it 


it 


it 


it 


—  2 

-3 
=  2 

=  2 

-2 

=  2 

=  3 


1883,  Apr.  23.  A  =  100-0567  4- X7  —  13-8  ^7,  No.  of  determ.  =3 
Sept.  25.  100-05144- X7—   6'^  yj,      **  **      =2 

Nov.  17.  100-0571  4- X7— 13-2  ^7,      **  *•       =2 


FTirc  X 

1883,  Apr.  23.  A=ioo'0^O7  4-X8— I3-7£k»,  No.  of  determ.  =2 
Sept  25.  10003084- xg—   67 /h,      **  •*       —2 

Nov.  17.  10004304-X8— 131  I'H.      "  »*       =2 


The  total  number  of  simple  obseiA ations  maile  iu  determining  the 
length  of  the  comparator  was  13G. 
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Although  only  approximate  values  for  the  lengths  of  the  wires  and 
the  expansion  of  the  same  were  employed  in  the  computation,  still  it 
unquestionably  appears  (1)  that  "the  variations  are  not  altogether 
dependent  upon  temperature;  (2)  that  the  results  obtained  on  any  one 
day  with  different  wires  agree  very  well  with  one  another;  (3)  that  if 
the  variations  are  made  a  function  of  the  changes  in  the  lengths  of  the 
wires,  these  changes  would  appear  the  same  for  all  the  wires;  (4)  that 
the  line  itself  must  be  regarded  as  varying. 

The  especial  difticulty  of  obtiiining  from  the  observations  the  errors 
of  the  wires  is  unquestionably  to  be  regarded  as  an  unfavorable  excep- 
tional case,  caused  by  the  grading  and  building  operations  already 
referred  to.  The  errors  also  must  be  affected  with  a  larger  probable 
error  than  would  otherwise  have  been  the  case.  Hence  the  results  in 
the  longer  lines  depending  upon  this  one  must  give  a  larger  error  than 
wouhl  ordinarily  be  expected  rather  than  a  smaller  one. 

So  far  as  the  change  in  the  line  is  concerned,  there  was  i)08itive  evi- 
dence of  it  during  the  early  experiments,  or  until  the  beginning  of  the 
year  1883,  but  after  that  it  seemed  to  remain  quite  constant.  This 
cessation  of  change  wjis  expected  about  this  time,  since  the  work  along 
the  street  was  then  completed.  If  the  variation  is  regarded  as  a 
function  of  time,  it  may  be  obtained  if  we  take  terms  up  to  the  third 
involving  time,  as 

A  =  A„  +  .r  <  4- ;/  c^>st  +  z  sin  <, 

in  which  t  is  the  time  and  x^  y,  and  z  are  constants.  It  seems  necessary 
to  assume  one  expression  for  tlie  i)eriod  prior  U)  the  epoch  1883*0  and 
another  for  the  time  subsequent  to  it.     I  therefore  place  for  the  former 

A.  =  A„  +  ;wi  t  +  ntit^ (a) 

and  for  the  latter 

A  =  Ao  +  M,  t-^uzf (b) 

in  which  t  is  expressed  in  years  dating  from  1883'()  and  A„  the  length  of 
tlu^  comparator  at  that  time.  The  determination  of  the  comparator  by 
means  of  the  base  apparatus  already  referred  to  took  place  November 
12,  1883,  or  188:3-8(».     Therefore  the  equation 

l(K)-(M)01  =  A„  4-  0-86  ?j,  4-  0-74  n. (c) 

must  be  satistied. 

Without  introducing  into  the  computation  complications  that  are 
without  any  gain,  I  compute  tirst  of  all,  with  the  aid  of  the  mean 
lengths  of  the  line  as  obtained  in  the  above  ap])roximations,  the  con- 
stants in  the  expressions  f<H'  A.  Weights  are  ascribed  to  these  means 
in  ju'oportion  to  the  number  of  win»s  employed  each  day  in  finding  this 
mean.     For  the  perioil  after  I88.'V(>  we  have  from  equations  (h)  and  (c) 

A  _.  lOO-dOOl  =  (/  -  O-SO)  ;/,  +  (/-  -  0-74)  h^ 
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and 

+  o-j  ~  -0-8511,  —  074«:i  weight  -  6 

^    -|-o*8 -.— 0*84    —074  ♦*       -6 

-|-i*9r= — 078    — 073  '•      -6 

—  o*3=— 0*56    — 0-65  *'     =4 
— 1*5=-^— 0-55    — 0*64  '•     —2 

—  1-9=:  — 0-55    — 0*64  **     =2 

—  i'0:=— 0-13    — 0-2I  •♦     —  8 
0'0  =  — 0*07     — 0-I2              •*     r^  I 

-|-o*2=-f-o-02    4-0-03  **     =8 

From  those  one  finds  the  following  most  probjible  values: 

ni  =  —  d'iMmm 

n^  =  4-  9*59mm 
and  from  equation  (c) 

A„  =  100-()001  +  8-31mm  -  l-Odrnm 
=  lOO-OOlSm 

The  equation  (a)  now  takes  the  form  . 

X  =  100-0013  =  w,e  +  nht^ 
from  which  wo  have 

—  S.Smm  = — O'ySmi-^-O'Simz,  weight— :i 


—7-0 

—077 

+  059 

—  2 

-6-8 

=  —070 

+049 

=  4 

-5-2 

— — 0-69 

4048 

=  1 

-5-5 

-— 0-55 

+  030 

—4 

—4-3 

—     033 

-f  o-ii 

=  2 

which  gives 

—  4-2 

__— 032 

-f-o-io 

=6 

wii  =  4-  14*55mm 
W2  =  4-  6*98mm 
Hence  we  have 

before  1883-0,    A  =  100*0013m  4-  14-55i»  w  x  t  +  0'98mi»  x  t^ 
after  1883-0,      A  =  100-0013wi  -  9-67w w  x  t  +  9-56mm  x  ^ 

in  which  t  is  the  time  in  years  reckoning  from  1883-0. 

With  these  equations  the  following  table  has  been  computed 


m. 

1882,  Mar. 

22 

A=   999942 

n 

27 

•9942 

Apr. 

19 

•9946 

(i 

26 

•9947 

June 

15 

•9954 

Sept. 

4 

•9973 

ft 

7 

•9974 

1883, Jan. 

6 

100*0012 

it 

7 

•001 1 

it 

31 

•0006 

Apr. 

20 

99*9993 

li 

23 

•9993 

i» 

26 

•9993 

Sept. 

25 

•9993 

Oct. 

16 

•9996 

Nov. 

17 
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Upon  this  determiuation  of  A.  rest  the  computation  of  errors  of  length 
and  the  expansion  of  the  wires,  by  taking  the  approximate  values  given 
on  page  14q  for  x  and  y  equal  to  {x)  and  {y).    One  then  obtains 

Wire  A,  Wire  B, 


mm. 

mm. 

-I7^(jr,)- 

■  »4(>'i) 

+  I7_(xa)- 

-  lO(jKi) 

—  2-1       (Xi)  — 

■«2(^i) 

+  i-6  =  (xa)- 

-  '4(jk0 

—  l-^=(Xi)- 

■    6Cn) 

+  o-8_(.r,)- 

-'2(^«) 

^i.6--=(x0- 

•  4(yi) 

-os  =  (x.)- 

-    4(^2) 

-^•3  — (^i)- 

■    o(jKi) 

+  o-8=.(x,)- 

-    i(;'i) 

-f  0-2  -(jr,)- 

.26(j.,) 

—  o•3  =  (x2)- 

-ayCA'.O 

o-o- (xl)- 

-23{;'i) 

— 0-4— (T,)- 

-  23(^2) 

— i-4_(j:,)-- 

■iSivi) 

-I•9=-(x,)- 

-«30'«) 

_o-8  =  (;c0- 

-  ^Hyl) 

^1'0  =  {X.2)- 

-12O':) 

— o•2=r(J^l)- 

-  sijyi) 

+  o-5  =  (x8)- 

■  50'.-) 

-o•5=^(.rO~ 

■  sO'i) 

—  o-9  =  (x2)- 

-16O',) 

— 0-3— (jr,)- 

■I6(JK,) 

Wire  C,  IFtrc  D. 

ffint.  miR. 

0  0=(JC3)  — lice's)  +  I.8=(jr4)--I2(>'4) 

—  0-2=(4r3)—     4(;'3)  -f07:^(X4)—     40'4) 

40-4  =  (jTs)  —    I (^/s)  -f-  I  -4  =  (^4)  —    2(y^) 

+  0-3  =-  (-^3)  -  26(^^5)  +  I  -5  ~  i'U)  -  27(;'4) 

O-O  =  (Xs)  —  22(^)  4-  O- 1  :r^  (X4)  —  22(,V4) 

-i-2  =  (xa)-i3(>^)  — 07=T(4r4)  — 130'4) 

+  o-8  =  (jr5)-   9b3)  +I-5  =  (X4)—  80'4) 

+  2-6:zr(x3)—     4CV3)  +I-0=.(X4)—     Sl^'O 

-fi-3  =  (x3)-i6(^)  +o-s  =  (x4)-i7(;'4) 

Wire  JC.  Wire  F. 

mm*  fiiYfi« 

-o-3  =  (x6)+   2(>.5)  -fo-8=.(.r6)H-    iU«) 

0-0  =  (Xft)-}-    o(>'5)  4-o-4=(jr6)-f    o(.rK) 

+  I  -3  =r  (jTft)  - 26(;'5)  +  o-8=  (X,)  -  27(;«) 

.f  0-2  =  (X5)— 220'ft)  +1  •I=(Xfl)-22(>) 

_  I  -br^  (.rft)  —  I3(^ft)  - 1  -8  =  (x«)  -  i3(;/rt) 

-I-0-5  ={xi)  —  l2(;/ft)  ~o-6  =^  (.r«)  —  I3(  Vfi) 

-fo-i=:(x5)—   6(^/5)  +o-2.^(.r«)  -    60'«) 

-f  o-6^ (Xft)  -  I30'6)  — 0-5  =  (x«)  -  I3(>'e) 

JTtre  3f .  Wire  X, 

mm.  mm. 

-f  0-3rzr(x7)  — I4b7)  "+-  I 'I  =^  (x.)  —  U^s) 

—  2-0  =  (X7)-     60'7)  —  lO^r(Xs)-     yO'g) 
-f  0-2  =r  (Xt)    -  I3U7)  —  I  -4  =^  (-^t)  -  I3(>'«) 
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From  these  we  can  obtain  the  following  equations,  involving  the 
unknown  quantities,  the  first  member  being  in  millimetres. 

— 11-1=        I2(jr,)—    I34(>'i).         -f   o-4=        ii(^«)-    137W' 
937--=  -I34(j:,)  -{-2200(;/,),         -  181  ^  — I37(x>)  f  2309(^/4), 

-f   5-Orrz  9{^^}—    106(^/3),         +7-8--  9M—   "o(jK4). 

—  56-2  =  —  io6(jc3)  f  i82o(^),         -86-3  --=  -  I  io(ar4)  j-  ig^i^i). 

-I-  o-8=         8(jrft)—     9o{n),         H  0-4=^         8(jc.,)  —     93W. 
-32-4=---  9o(j-fl) -f- i682(,v5),        -   8-53^-    93(-«'«)+i757(jK«). 

—  1-5=         3K)-     330'7),  ■    1-3^-  3(^0-     340'«). 
}-   5 -2  =  —   33(-^7)  ^  401(^7).         ^   9-8  =  —   34(j:8)+   4I4(M 

From  which  we  obtain 

(x,)  =  — 1-41,     x,=39-i9,  (xj)  =  +  o-5i,     x2  =  +  87-8i, 

( vi)  =  —0-043,  yi  =  o*997»  (^.O  ■=  -h  0038.  >'i  =        1 718, 

(■^3)  = +061,     jr3=  --7'29»  (^4)  =  +  106,     X4  =  —  50-94, 

M ■=  -f- 0'005»  y^  =-■      » 745.  (.I'l)  =  -\- oo>6,  V4  -^        I  036, 

(jrft)=— 029,     Xfv=  -J5-29,  (xb)u^  — 0-02.     .rrt=  — 19-02, 

(;'«)  =  — 0-035,  ^6=       0-955.  (ro)-^— o-oo6,  v„=       1-744, 

X7=— 44'38,  xh  =  — 19-15, 

^7-=       0-996,  ^«=        1-736. 

For  the  wires  ^f  and  X  the  coefficient  of  expansion  is  taken  as  the 
mean  of  the  preceding  wires  of  the  same  metal,  inasmuch  as  the  numl)er 
of  determinations  was  too  few  to  admit  of  an  independent  determina- 
tion for  each. 

The  wires,  therefoi*e,  when  hanging  free  and  under  the  tension  already 
mentioned,  have  the  following  lengths  in  metres  from  the  middle  of  the 
scale  at  one  end  to  the  middle  of  the  scale  at  the  other,  and  iilso  the  coeffi- 
cient of  expansion  for  1^  Celsius: 


Wire, 

A 

B 

C 

D 

Length, 

25  •oo9?o 

25  02 I 95 

24-99818 

2499727 

Cocf.  of  ex., 

(0-0000)0997 

1718 

1 745 

1036 

Wire. 

£ 

F 

Af 

JV 

Length, 

24-99618 

24-99524 

24-98890 

24-99521 

('oef.  of  ex.. 

(00000)0955 

1744 

0996 

1736. 

Since  these  experiments  gave  a  noticeably  smaller  coefficient  of 
expansion  for  steel,  as  well  as  brass,  than  has  usually  been  found  for 
these  metals,  I  have  deemed  it  wise  to  determine  these  coefficients 
indei>endent  of  any  geodetic  oi)eration.  For  this  i^urposo  I  employed 
the  proper  apparatus,  belonging  to  the  school  of  technology,  in  which 
the  wires  are  iniinersed  in  water  of  different  temperatures.  The  changes 
in  length  were  read  by  a  telescope  in  a  mirror,  which,  turned  by  the 
expansion  or  contraction  of  the  wire,  reflected  the  divisions  of  a  large 
scale  placed  at  a  suitable  distance  from  it.  The  result  of  these  inves- 
tigations gave  for  the  brass  wire  from  which  F  was  taken 

Coefficient  of  expansion  =  0-()0001751, 

and  for  steel  wire  1'3"""  in  diameter 

Coefficient  of  expansion  =  O.V>ttO^>^1S^, 
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Some  days  later  the  ex))eriDieuts  were  rei>eated, 

giving  for  the  former  0-00001703 

and  for  the  latter  0-00000988: 

or,  taking  the  means  we  have, 

Coefficient  of  expansion  for  drawn  brass  wire  =  0-00001727 
(Coefficient  of  expansion  for  drawn  steel  wire  =  0-(K)000084, 

results  which  agree  very  closely  with  those  found  in  the  direct  meas- 
uring. 

The  errors  of  length  and  coefficients  of  expansion  for  the  two  steel 
tapes  A  and  B  wore  also  determined  by  measurement  of  the  compara- 
tor; but  since  these  tapes  were  only  occasionally  used  in  measuring  the 
short  overlaps  at  the  ends  of  the  line,  a  detailed  a(*.count  of  the  experi- 
ments can  have  no  sx>ecial  interest  Therefore  the  results  only  will  be 
given : 

The  length  of  the  tape  A  at  15^  Celsius  =  20.00303^ 
The  length  of  the  tape  B  at  15o  Celsius  =  20.00493» 
The  coefficient  of  expansion  for  A  =  0.00001046. 
The  coefficient  of  expansion  for  B  =  O.OOOOlOiJO. 

The  length  given  above  is  for  the  tapes  when  lying  on  a  Hat  surface 
and  without  tension.  In  addition,  the  errors  of  graduation  were  deter- 
mined for  Aj  it  alone  being  used  in  the  final  measurements.  They  are 
given  in  the  table  below,  combined  with  the  errors  of  length  for  the 
normal  tension  and  also  the  errors  if  10^  or  15^  tension  were  employed. 

Errors  of  graduation -{- error  of  length. 


in 


in 


7;= 

6-7»^             1 

'       7  = 
k. 

1 

mm. 

y  = 

1 5^ 

in. 

k. 

mm. 

/'. 

mm. 

o 

o-oo 

o-o 

6-96 

o-o 

>3<^5 

00 

I 

091 

-fo'3     1 

698 

:-o-4 

i3-<>5 

1  06 

1 

'!§ 

05 

7-02 

oS 

13-67 

i-i 

1 
J 

1-88 

07 

710 

II 

13-69 

>  5 

4 

2  30 

09 

7-20 

'•5 

1371 

2'0 

:     5 

2  67 

1-2 

732 

1-9 

1375 

2-6 

6 

301 

'      !•  0    • 

7-45 

1-9 

1379 

2-8 

7 

J  34 

1-3 

7  60 

23 

ly^A 

3  3 

8 

365 

II 

777 

23 

13-90 

3-5 

9 

,      3  95 

1-4 

7*94 

27 

1396 

4-i) 

lO 

424 

1-8 

811 

3'2 

'      14-03 

4-7 

II 

^'5i 

21 

8-30 

3-« 

1      1411 

5  3 

12 

!      478 

2-0 

848 

3-8 

1419 

5-5 

13 

1      5-05 

2*2 

867 

41 

1428 

0-0 

14 

5  30 

2-1 

8-86 

41 

1437 

6-2 

IS 

5-55 

2*2 

905 

4*4 

14-47 

6-6 

16 

579 

2-2 

9*24 

40 

N-57 

6-9 

17 

603 

2*6 

9  43 

51 

1467 

7-6 

18 

6-27 

2*6 

9-62 

5-3 

14-7S 

7  9 

19 

1     <i'5o 

3' 

981 

5  9 

14-89 

87 

20 

1      672 

30 

10  00 

60 

i5o<j 

8-S 
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THE   LON(f  LINE. 

This  line  also  is  situated  on  "  Ludugiirdsgardet,"  near  Stockholm,  but 
it  is  not  the  line  measured  in  1864  by  Profes8<n*  Lindha^en  with  the 
base  apparatus  belonging  to  the  Academy  of  Sciences.  One  end  of 
this  line  is  covered  by  dirt,  and  buildings  have  been  erected  at  differ- 
ent points  along  it.  In  figure  3  A  B  is  the  old  line  and  -I'  B'  the  new 
one.  The  terminal  points,  as  well  as  the  two  intermediate  points  I  and 
II,  are  fixed  by  small  holes  drilled  into  a  rod  of  iron  firmly  fastened 
in  the  upper  surface  of  stone  blocks. 

The  measurement  in  1864  gave  for  A  B  reduced  to  sea  level  2320'1878"'. 

In  order  to  compare  this  result  with  the  length  of  .1'  B'  obtiiined  by 
wire  measurement  the  two  lines  were  connected  by  means  of  a  trian- 
gulation. 

At  the  beginning,  in  1880,  it  was  possible  to  determine  B  B'  by  direct 
measurement,  but  shortly  afterwards  a  house  wa«  built  in  the  way,  so 
that  it  was  necessary  to  establish  an  intermediate  point,  h.  Each  of 
the  values  given  below  is  thie  mean  of  at  least  two  independent  deter, 
minations. 

LENGTHS. 

1880,  Apr.  26,  line  ^  ft,  measured  with  stei4  tape  A,  161'6456 
May    2,    '*    B  B'^       "  "       '*        "      *'    294-4511 

1882,  May  17,    "    B' h,       "  "    wires,  135-4757 

May  19,     '^    A  A',      **  '^       ''  64-3883 

When  reduced  to  sea  level  the  lines  have  the  following  values: 

m. 
AB  =  23201878 
Bb  =  161-6453 
BB'=^  294-4506 
B'h  =  135-4757 
A  A'  =      64-3882 

ANGLE   READINGS. 

1880,  May    3,  BB'  A^  using  a  theodolite  of  Ertel  reading  '       " 

to  10"  by  means  of  verniers,  154    1    26-6 

1882,  May  20,  A  ft  J?,  using   a    universal    instrument  of 

Wanschaff  reading  to  1"  by  means  of 
mi(»roscopes,  163    4    38-6 

AbA', 
A'bB', 
BbB\ 
1882,  June  12,  B'  A'  ft,  with  the  same  instrument, 

bA'A, 


51 

38-9 

31 

29 

l(;-6 

164 

34 

25-9 

o 

1 

57-7 

1  i9 

:\r> 

12-2 
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In  the  triangle  Bh  B'  the  sides  Bh  and  b  B'  bein^  known  from  direct 
measui*euient  and  the  angle  BbB\  one  obtained  from  computation 

B  B'= 294-45; J8 

By  giving  the  measured  value  weight  2  and  this  computed  result 
weight  1,  the  mean  gives 

7^  ^'=294-4517 

And  atter  making  the  corrections  for  triangle  errors  it  was  found 
that 

7^  Zi =161-6442 
ii' 6=135-4747 

In  the  triangle  A  B  b^  B  h,  A  B  and  Ab  B  are  known,  from  which  one 

can  find  that 

o     /      // 

bAB=   1    9  43-15 
and  >li?ft=15  45  38.25 

using  the  known  equation 

Ab=ABco^bA  B+  Bb  cos  Ab  B  =  A  B--2  A  B  sin^  ^b  A  B+  Bb 

cos  Ab  B 

or 

A  b    -2320-1878'"  =  0-4771  —  154-(J44S  =  2165-0659. 

In  the  same  manner,  from  .4  7^'  b  1  found 

AB'  =  2051-8967'" 
and  from  AbA 

A'b  =  2109-2877'" 

And,  finally,  from  the  triangle  AA'B' 

A'  B'  =  1995-0148 
and  from  A'  B'b 

A'  B'  =  1995-0168 

the  mean  of  which  was  accepted  as  a  sufiicient  approximation,  or 

A'  B  =  1995-0158"' 

DETERMINATION  OF  A'  B'  WITH  WIRES. 

In  measuring,  two  wires  were  always  used,  one  of  steel  an<l  one 
of  brass.  By  means  of  the  ditt'erence  in  the  readings  of  the  two  a 
check  is  obtained  on  the  reading  and  data  for  the  determination  of 
temperature. 

If  the  two  wires  at  the  normal  temperature  (+15o  Celsius)  have 
lengths  L  and  X',  and  if  we  designate  by  e  and  e'  the  scale  readings, 
then  after  ai)plying  n  wire  lengths  the  sums  of  the  readings  would  be 
2  e  and  2  e'.  Again,  if  the  excess  of  temperature  above  the  normal 
temperature  be  indicated  by  t  and  the  coefficients  of  expansion  by  a 
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and  //,  then  the  length  of  the  measured  line  X  is  for  one  wire  ascertained 
from  the  eqaatioa 

X=^nL+2€  +  nLat 

and  for  the  other  wire 

\  =  n  L'  +  ^e'  +  nL'  fit 

therefore 

nL-nL'  •^:S  e-:^  e' 


t=: 


n  (L'  ft—L  a) 


By  sabstitating  this  expression  for  t  in  one  of  the  equations  above, 
we  have 

'^-  fiL'-aL 

or,  if  the  length  of  the  line  according  to  the  two  wires  be  represented 
by  «  and  s' — that  is,  without  reference  to  the  temperature — then 

^  =  *  +  ;5^a(«-«')  =  *'  +  ;J^-a  (*-*') W 

or 

A  ^    jM         ~    H  —  jj     ■  ■  -  ^ 

p  —  a         p  -^  a 

From  the  latter  of  these  equations  it  is  evident  that  if  at  each  read- 
ing of  the  scale  there  was  a  probable  error  of  ±  r,  the  probable  error 
for  the  whole  line  from  this  cause  would  be 

9^= =t  ^-|-«  ^M~y^+^) (17) 

a  formula  which  is  true  only  when  the  temperature,  as  is  here  regarded, 
is  determined  by  the  differences  in  the  scale  readings. 

Over  smooth  ground  the  errors  of  length  resulting  from  errors  of 
contact  and  of  diflFerences  of  elevation  are  of  very  slight  consequence. 
In  such  a  case  the  siccidental  error  only  is  found  from  equation  (17). 

Instead  of  using  equation  (16),  it  would  be  better  to  compute  the 
length  of  the  line  in  such  a  way  that  the  temperature  may  be  taken 
from  a  table  already  prepared  in  which  the  argument  is  the  difference 
in  the  lengths  of  the  two  wires  and  the  tabulated  values  degrees.  In 
this  way,  by  computing  the  length  of  the  line  for  each  wire,  one  has 
a  chet'k  on  the  work.  For  the  wires  A  and  B^  at  +  15^  Celsius,  the 
difference  in  lengths, 

^  —  A  =  +  12-15""°» 
and  the  relative  expansion  for  1° 

25'"  (/!/  — ^)=0-l802»™ 
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fron)  which  the  following  table  was  ])repared : 

•  Differences  of  expans'Km. 


+ 


/ 

£^A 

/ 

/t-A 

/ 

/f-A         f 

o 

mm. 

0 

mm. 

0 

1 

mm. 

'5 

6-75 

7 

1071 

29 

14-68 

14 

6-93 

8 

1089 

30 

14-86 

13 

711 

9 

1 1  07 

3' 

15-04 

12 

7  29 

10 

1 1  25 

32 

1522 

II 

7-47 

" 

11-43 

33 

1540 

lO 

765 

12 

1 1 -61 

9 

783 

»3 

1 1 79 

8 

801 

14 

11-97 

Diffcrciucs. 

7 

819 

'5 

12-15 

6 

8-37 

16 

1234 

5 

8-55 

17 

12-52 

0 

mm. 

4 

8-73 

18 

12-70 

0-0 

000 

3 

891 

19 

12-88 

-I 

02 

2 

909 

20 

13-06 

•2 

-04 

I 

927 

21 

1324 

•3 

•05 

O 

9  45 

22 

13-42 

•4 

-07 

I 

963 

23 

13-60 

•5 

-09 

2 

981 

24 

1378 

-6 

-II 

3 

9.99 

25 

13-96 

•7 

•'3 

4 

1017 

26 

1414 

-8 

•14 

5 

IO-35 

27 

1432 

•9 

-16 

6 

IO-53 

28 

1450 

i-o 

•18 

_ 



The  necessary  i)er8oniiel  for  measiirin^ij  is  as  follows:  One  person 
for  the  spring  balance,  one  at  each  end  to  place  the  scales  side  by  side 
and  to  make  the  readings,  one  for  leveling,  and  one  for  marking — or  five 
trusty  persons.  For  handwork  there  are  needed  one  person  for  the 
small  steel  balance,  one  to  hold  the  leveling  rod,  and  two  for  carrying 
Instraments,  pegs,  etc.,  along  the  line,  making  four  workmen.  Thus 
it  will  be  seen  that  in  order  to  have  the  work  move  along  without  delays 
nine  i)ersons  are  essential.  In  the  work  on  "Ladugiirdsg:irdet "  the 
number  of  assistants  was  not  so  large  as  desirable.  Besides  this,  the 
continuous  progress  of  the  work  was  often  hindered  bypassing  wagons 
and  the  drilling  of  soldiers.  This  latter  interru])tion  is  the  reason  why 
the  line  A^  B'  was  seldom  measured  as  a  whole,  but  in  the  sections  .1 '  I, 
I II,  and  II  ^'  independently  and  irregularly. 

During  the  first  few  days  a  leveling  rod  was  used  which  was  pro- 
vided with  two  targets,  the  second  one  being  on  the  reverse  side  ami 
read  downward,  the  zero  being  at  the  top.  The  advantage  thus 
afforded  was  that  the  two  readings  should  always  have  a  constant  sum, 
thereby  furnishing  a  check. 

But  after  some  days  one  of  the  targets  was  injured,  and  thereafter 
the  ordinary  method  was  pursued  with  confidence,  inasmuch  as  up  to 
that  time  no  erroneous  readings  had  been  made. 


The  following  gives  the  measurementH  of  A'  B^: 

Line 

Began 

Finished 

Remarks. 

1882. 

May  8. 

An 

10:50  a.  m. 

4:00  p.  m. 

Sunshine,  scattering  clouds. 

"      9. 

III 

7:45 

ID:  10  a.  m. 

**         wind  =3  to  4.* 

UB 

3:15  p.m. 

Thin  clouds. 

III 

7:00  p.  m. 

8:10 

Still. 

*«    10. 

IliV 

0:20 

2:50 

Sunshine,  wind  — ^i. 

III 

6:45 

7:25 

<< 

"    II. 

lA' 

8:40  a.  m. 

10:50  a.  m. 

"         still. 

An 

0:30  p.  m. 

2:25  p.  m. 

**        scattering  clouds,  windr=:i  to  2, 

UB' 

3-25 

5:50 

*•         wind  =  2. 

"    12. 

An 

8:40  a.  m. 

10:55  ^'  ™- 

Rain,  wind— 2. 

-    15. 

IIB 

3:10  p.m. 

6:40  p.  m. 

Sunshine,  wind  at  right  angles  to  the  wires. 

In  these  measurements  only  wires  A  and  B  were  employed  and  the 
tape  A. 

In  the  autumn  of  the  same  year  the  line  was  measured  twice  by  a 
party  of  students,  using  the  wires  E  and  Fj  but  unfortunately  palpa- 
ble errors  were  made,  making  the  results  useless.  However,  I  mention 
them  here  merely  to  show  liow  rapidly  meusurements  of  this  kind  can 
be  done, 

Remarks. 
Sunshine,  scattering  clouds. 


1882. 

Line 

llegtkn 

Finished 

Sept.  8. 

An 

9:15  a.m. 

0:00 

III 

2:30  p.  m. 

3:40  p.  m. 

11^ 

3:40 

6:05 

"      9. 

i9^II 

8:30  a.  m. 

10:50  a.  ui 

III 

0:40  p.  m. 

1:40  p.  m 

•lA' 

1:40 

3:50 

<• 


wind  =  2. 


The  three  lines  A'  I,  I II,  and  II  B'  have  the  lengths  740,  367,  888 
metres,  respectively.  The  rapidity  of  the  measurement  in  metres  is 
as  follows : 


1 

1 

Line.    \ 

Tl 

me. 

Lenf^ths 
per  hour. 

Lenffths 
per  day. 

1882. 

//. 

///. 

May     8 

740 

5 

10 

143 

740 

9 

367 

2 

25 

152) 

888 
367 

id 

1622 

I 

10 

10 

367 

0 

50 

440) 

888     : 

2 

30 

355  y 

1622 

367 

0 

40 

550  J 

II 

740 

2 

10 

342) 

740     , 

I 

55 

386 . 

2368 

888 

2 

25 

367  j 

12 

740    , 

2 

15 

329 

740 

15 

888 

3 

30 

254 

888 

Sept.    8 

740     i 

2 

45 

269) 

367 

I 

10 

315  • 

1995 

888 

2 

25 

367  j 

9 

888 

2 

20 

381) 

367   i 

I 

00 

367  • 

1995 

740 

1 

2 

10 

342  j 

1 

^  Eslimated  by  the  meteorological  scirilc-  o=stiII,  6= hurricane. 
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The  best  speed  was  550'"  iu  an  hour,  and  the  largest  day's  work  was 
on  the  day  when  operations  began  at  8 :40  a.  m.  and  continued  until  5 :50 
p.  m.    On  this  day  2368"»  were  measured. 

The  following  is  the  record  of  one  measurement  of  a  line.  The  num- 
bering is  from  A.',  Of  course  the  record  of  the  measurement  of  the 
line  was  separate  from  the  record  of  the  leveling,  but  they  are  united 
here  for  illustrative  purposes.  With  the  steel  tai)e  the  tension  was 
always  To'. 

For  the  wires  A  and  B,  _  ^—  =  1-383  and  -A_  =  2-383  '  which 
values  are  to  be  employed  when  the  computation  is  made  according  to 


'^"     y  — 

'/" 

J 188-2,  May  10.] 
Leveling. 

— 

Wire. 

Horizon- 

Point 

1 

tal  re- 

Remarks. 

A    \Jmmm  b» 

duction.t 



A 
mm. 

B         Diff. 

Readings. 

Diff. 

Height.* 
dm. 

mm. 

mm. 

dm. 

dm. 

dm. 

mm. 

I 

038 

o-oo 

72*1 

6o-2 

11-9 

—   I  65 

0-5 

10:30  a.  m. 

30 

203 

—  1-65 

907 

787 

120 

—  7  40 

II -0    ; 

31 

9  43 

-  9-05 

Sunshine. 

869 

75-4 

II-5 

—10-97 

24- 1 

32 

305       183 

12-2 

20-40 

-  3-91 

—20 -02 

3*o 

33 

24'.?  I 

2  30 

—23-93 

85 -2 

734      1 1 -8 

—  0-42 

0-0 

34 

586 

46-8  ;    1 1 -8 

2-72 

—  I -41 

—24-35 

0-4 

35 

317 

! 

193   ,     12-4 

413 

-f  1-54 

—25-76 

0.5 

.3^ 

91  3 

79-1         12-2 

2-59 

—  0-70 

—24-22 

o-i 

37 

16-83 

329 

—24-92 

54-8 

429    '     11-9 

+  4-24 

3-6 

38 

380 

1 
263         117 

12-59 

+  316 

—20-68 

2-0 

39 

9*43 

—  17-52 

585 

46-4         121 

-\-  8-22 

136 

40 

I -21 

20 -06 

—  9  30 

568 

450      1 1 -8 

fiii7 

25-0 

41 

12-65 

8-89 

-f   1-87 

171 

52      II. 9 

1  14-65 

• 

43 'o 

42 

1 

I -00 

1839 

-f-i6-52 

988 

579       II-9 

-hi8-4i 

67  0 

43 

lyo  — 66-0 

— 0-02 

-  5  24 

4-34*93 

8-it 

II 

5 -22 

-29-69 

1 

11:20  a.m. 

842 

- 

Sum  = 

'  202-8 

6749  = 

The  I 

nean  of  the  diff.  :=  1 1  • 

94'"™. 

Thee 

corresponding  temperat 

ure  \  — 

-f  I3°-SS 

• 

*  The  check  is  in  the  differences  between  the  first  and  last  number  in  each  row  of  readinp^s. 

t  This  is  taken  from  the  table  on  pp.  135, 136.    In  the  record  the  rvadinc^s  on  the  reverse  scale  is  omitted. 
X  Rased  on  equation  (laa)  and  the  table  foUowin^^. 
I  Taken  from  table  on  p.  154. 

*  The  coefficients  of  expansion,  which  were  determined  geodetically,  have  been  applied  here. 
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(18«2,  May  10.] 


Wire. 

I 

.eveling. 

Horizon- 

Point. 

- 

— 

tal  re- 

Remarks. 

A 

/? 

Diff. 

Readings. 

DiflF. 

Height. 

duction. 

mm. 

mm. 

mm. 

dm. 

dm. 

_  .    _. 
dm. 

dm. 

mm. 

II 

5-22 

0-00 

653 

531 

12'2 

-h  3  54 

2-5 

44 

1-68 

+  3*54 

0:20  p.  m. 

77-2 

654 

II-8 

—  652 

8-5 

45 

8  20 

2-63 

564 

441 

123 

-   9  58 

i8-3 

46 

360 

237 

12-3 

1778 

028 

—  5-43 

—12-56 

5*9 

47 

571 

-17-99 

33-^ 

21*5 

121 

—  2  67 

1-5 

48 

8-38 

— 20 -66 

987 

86-4 

12-3 

—  3-31 

2*2 

49 

11-69 

—23-97 

95-6 

837 

II-9 

—  3"^3 

1-9 

50 

14-82 

—27-10 

826 

708 

II-8 

-3-18 

20 

51 

i8-oo 

—30-28 

63 -2 

516 

II-6 

—  2-6o 

1*4 

52 

183 

20-60 

-32-88 

42-0 

300 

I2-0 

—  116 

0-3 

53 

2  99 

—34-04 

93  3 

81 -2 

I2-I 

663 

8-8 

54 

9-62 

—40-67 

500 

380 

I2-0 

—  2-43 

1-2 

55 

12-05 

-43 -ip 

790 

66-8 

12-2 

—11-24 

25*3 

56 

23-29 

-54*34 

837 

71-6 

I2-I 

-f  3 -97 

3*« 

57 

1932 

5037 

85-4 

73-5 

II-9 

6-8o 

9-2 

58 

26-12 

-5717 

648 

530 

II-8 

—  3«> 

1-8 

59 

2q-I2 

2  97 

—60-17 

48-4 

365 

II-9 

-  374 

2-8 

60 

671 

-63-91 

677 

55-6 

I2-I 

-    1-68 

0-6 

61 

8-39 

-65-59 

Wind^  I.' 

91  4 

79-2 

I2'2 

-  3*49 

2-5 

I 

1 

62 

11-88 

—6908 

97  2 

851 

I2-I 

-f-  4*42 

3-9 

63 

7-46 

-64-66 

Sunshine. 

1 

429 

300 

12-3 

i    717 

10-3' 

1 

1 

64 

0-29 

-57-49 

93-8 

82- 1 

II. 7 

1    0-31 

00 

65 

1437 

— 002 

-57-18 

95 -2 

832 

I2-0 

H    570 

6-5 

66 

8-67 

-51-48 

457 

33'(> 

I2-I 

-1    3-58 

2-6 

67 

509 

-47-90 

101-5 

89 -2 

12.3 

+  356 

2-6 

68 

'•53 

44*34 

1 

844 

727 

I2-I 

-1-  070 

1      o-i 

69 

083 

—43-64 

1 

403 

fi8-8 

IIS 

-    379 

2*0 

70 

4-62 

-47-43 

; 

91-2 

797 

ii-S 

—  o-Ci 

1*3 

1 

1 
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[1882,  May  10-(V>ntiiiiic<iJ. 


Wire. 

Leveling. 

Horizon- 

Point. 

_  .  —    _..     — . 

— _ 

— 

Ul  re- 

Remarks. 

A             B      '    Diff. 

1 

Readings. 

DIff. 

Height. 

duction. 

mm.   1   mm.      mm. 

dm. 

ifm. 

dm. 

dm. 

mm. 

7> 

1 

5.23 

—48-04 

71-0 

59*3 

117 

—  2-48 

2-0 

72 

7.71 

-50-52 

61-5 

49-5 

I2-0 

-f  3  20 

8-6 

73 

4-5' 

2399 

-4732 

91-8 

800 

II-8 

+  6-57 

233 

74 

17-42 

—40-75 

512 

39* 

121 

■fio-79 

12-9 

75 

6-63 

— 29-96 

26*2 

14-0 

12-2 

-f  8  03 

o-i 

76 

79-1 

667 

12-4 

12-38 

-1-40 

0-53 

—21-93 

23-0 

77 

12-91 

-22-46 

681 

560 

12*1 

f-io  72 

i-i 

78 

12-4— 59 

2-19 
0-52 

—  10-07   ' 

11-74 

-10-07 

Sum  .= 

24558 

-2^ 

20I-I 

20353 

The  mean  of  the  diff.  =i2-oin"»'. 
The  temperature  ~—-\- 14**-2. 


[May  11.] 


Wire. 

LevelinR. 

Horizon- 

Point. 

.     —  . . 



. . 

- 

-   _   — 



—  -    ■  - 

tal  re- 

Remarks. 

.A 

B 

Diff. 

Readinf^s.          1 

Diff. 

Hcifflit. 

duction. 

mm. 

mm. 

mm. 

dm. 

dm. 

dm. 

dm. 

mm. 

I 

1-55 

1 

0-00 

62-6 

505 

12*1 

-  425 

3-6 

29 

5-80 

—  425 

8:40  a.  m. 

55-0 

42-8 

12-2 

I -61 

0.5 

28 

7-41 

5*86 

Sunshine. 

22-6 

ii-o 

1 1 -6 

-  0-52 

o-i 

27 

7  93 

638 

No  wind. 

58-2 

463 

11-9 

-f  016 

o-o 

26 

Til 

-  6-22 

95-8 

84-1 

1 1-7 

-   2-72 

1-5 

25 

10-49 

-   8-94 

59-2 

47*3 

11-9 

-f  3'8 

2-0 

24 

7-31 

—  5-76 

35-8 

24-2 

1 1 -6 

\-  481 

4-6 

23 

2  50 

21-48 

-  0-95 

75-2 

63-1 

12-1 

■f  2  30 

i-i 

22 

19-18 

-1-  1-35 

79  9 

68-3 

1 1 -6 

-f  480 

4-6 

21 

14-38 

-f  6-15 

58-0 

45 -9 

12-1 

-f  9*94 

1 

16-4 

20 

5  24 

1  >5i9 

717 

59-5 

12*2 

t     173 

0-6 

>9 

3-(.i 

-f  i6o<) 

49-1 

370 

I2-I 

f-   273 

'•5 
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[May  11— Ck>iitinaed.J 


Point 

Wire. 

Leveling. 

Horizon- 

Bemariis. 

r  v»iiii. 

tal  re- 

 __ 

A 
mm. 

B 
mm. 

Diff. 
mm. 

Readings. 

Diflf. 

Height. 

duction. 

dm. 

dm. 

dm. 

dm. 

mm. 

i8 

088 

+  1965 

44-2 

320 

122 

-f  0-88 

0-2 

17 

000 

+20-53 

486 

368 

II-8 

—  417 

3*5 

i6 

417 

4-16-36 

67-4 

55-2 

12-2 

-  4-55 

4*1 

15 

872 

-fll-8l 

51 -3 

38-8 

125 

4-  3  38 

2*3 

H 

1947 

5  34 

4-1519 

55-3 

43 -2 

I2-I 

-f  0-48 

o-i 

13 

1899 

4-15*67 

87-4 

697 

117 

+  710 

IO-2 

Cloudy. 

12 

11-89 

4-2277 

42  3 

306 

117 

-f-  2-6i 

>*4 

II 

928 

4-25-38 

782 

667 

II-5 

-f    8-21 

13*5 

lO 

117 

I  07 

19-28 

-f  7  48 

4-33*59 

II -2 

« 

735 

61 -8 

9 

• 

ii-8o 

4-41  07 

839 

71 -9 

I2-0 

+  6-86 

9*4 

8 

4  94 

4-47*95 

66-2 

547 

11-5 

-  075 

01 

7 

5-69 

4-47*18 

52-7 

411 

11-6 

-f  o-6o 

o-i 

6 

509 

+4778 

700 

57-8 

12-2 

-f  509 

5*2 

5 

o-oo 

+5287 

997 

877 

I2-0 

—  0-51 

O-I 

4 

1 2 -08 

0-51 

4-52*36 

54-2 

42  3 

119 

-f  7-31 

10-7 

3 

442 

323 

11-9 

1 1 77 

28-59 

4-59*97 

45*8 

2 

13*46 

+7480 

4-74-80 

64*1 

520 

121 

+  >5i3 

12*7 

I 

I 

5*49 

4-  7 -97 

4-8277 

4-82-77 

12-9 

O      1 

1 

76  -63-9 

I  09 

+87.17 

4-8717 

-f-  4-40 

26-0 

A 

6 

•9  -85-2 

704 

-  5 -95 

+81.22 

81 -22 

10:50 

i88o-^ 

m  \^\j\^     >                                —  A^  t. 

i 

14546 

-  ^e^ 

Sum  r^ 

2059 

The  mean  of  the  diff.  t=  ii'92">"™. 
The  mean  temperature  ^=^  I3°7« 

COMPUTATION   OF   THE  LINE. 

In  determining  the  lengtli  of  the  line  it  is  necessary  to  observe  the 
following  precaution:  In  phu'iiig  each  wire  put  the  scale  so  that  the 
reading  increases  toward  the  rear  end  of  the  wire.  The  lengths  just 
given  refer  in  each  case  to  the  middle  mark  of  the  scale,  the  scale 
covering  5^'",  except  on  JIf,  where  it  begins  with  5  and  stops  at  15. 
For  this  reason,  since  these  6*^^'"  enter  into  each  reading,  it  is  necessary 
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to  subtract  60"°'  from  the  reailiiig,  or,  what  is  better,  from  the  leugth 
of  the  wire,  before  multiplying  it  by  the  number  of  wires.  Before  tak- 
ing from  the  table  the  temperature,  by  using  the  mean  of  tlie  diff'erences 
of  readings  as  an  argument,  it  is  well  to  make  the  correction  for  the 
erroneous  readings  of  the  spring  balance  from  the  table  on  page  140. 
The  rest  of  the  computation  will  explain  itself. 

The  leveling  rod  is  too  long  by  ^^f  of  its  length;  therefore  each 
reading  must  be  corrected  by  +  ^-l-^, 

1882,  MAY  10,  LINE  I II. 

Approximate  temperature  =  +  14°.  The  correction  for  the  old  bal- 
ance at  10^  and  -+- 14°  is  (p.  140)  —  O-OT*'.  The  resulting  error  in  the 
length  of  the  wire  A  ■--^.  —  0-07'""',  in  5  =  —  0-13'""'.  These  values 
multiplied  by  14,  the  number  of  wire  lengths,  give  the  (correction  to 

2  e  and  2  c',  or 

2e  —  842-()'""»  2e'  —  674-9"»" 

error  -—  — 1*0  error  r^  — 1*8 

corrected  2  e  :i— 841'0  corrected  2  e'  -■  07;M 

The  difference  between  these  values,  167 -O"*'",  divided  by  14  gives  the 
argument  for  finding  the  temperature. 

167-9      


The  corrected  mean  of  differences  =::  - 


temp.  -   140.1. 

14 

7 

~ \X' 

Wire  A. 

m. 

Wire  B. 

m. 

14x24-95980 

=    3494372 

14X24-97195 

■^-.  349-6073 

2f  (corrected) 

=          -8410 

2g^  (corrected) 

—          6731 

350-2782 

(r4°-i  — 15°)  X 3*5  X 0-997=      —0031 

350-2751 

The  tape  A 

?!rrors  of  division  |  errors  of  length 

Temp.  corr.  (— o*'-9  x  0-17  x  1*046) 

Reduction  to  the  horizon 

2 
Corr.  for  error  in  leveling  rod  4-  202-8  X  555 

The  results  are  as  follows: 


3502804 

(i4°i  — 15°)X3'5X  1 718    -      -0054 


m. 
1 6 -9340  % 
•0026  J- 
•0002  J 


3502750 

16-9564 
367-2114 


mm. 

202  8 


202 -8  I 

r-  J    07) 


•2035 


07 

Line  i  I L 


^  367  0079 


mm. 
1882,  May  8.  A' \        739-7708 
II.   I  A'  7723 

II.  Af\  7695 

12.  A'  \  7725 


Line  A'  I. 

o 

7'^=-|-  13-3  Sunshine,  scattering;  cloud.s. 

141  Sunshine,  still. 

13-7  Wind     .1  to  2. 

8-0  Heavy  rain,  wind      2. 


Mean     =73977i3±0'5 
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Probable  error  of  a  measurement  =  rt  0*9"»". 


1882,  May  9.  I  II 

9.  II  I 

10.  Ill 

10.  II  I 


mm. 

3670127 

0120 

•0079 

•0100 


T=. 


Line  III, 

0 
+  107 

Sunshine,  wind 

81 

Still. 

141 

Sunshine. 

•  8-5 

Sunshine. 

=3  to  4. 


Mean     r=  367 -0106^-07 

Probable  error  of  a  mea8ureraent=±l*4™°>. 


• 

mm. 

Line  II  B' . 

0 

1882,  May  9. 

11^^ 

888-2372 

7^=      115 

Thin  clouds. 

10. 

11^' 

•2371 

14-6 

Sunshine,  wind=:i. 

II. 

11^' 

•2287 

141 

Sunshine,  wind  r— 2. 

15. 

11^' 

•2380 

103 

Sunshine,  wind  vertical  to  wire, 

Mean     =888-23523[.i-5 

Mean  =  888-2352  ±  l-5°»«». 

Probable  error  of  a  measurement  =  ±  2"9™°>. 

Line  A'  B'  =  1995-0171'"  i  y/  — a-+  ^^»  +  ^i 

=  1995-()171'»  zL  1-7'"™. 

Probable  error  of  a  measurement  =  ±  3"4"*"»,  or  1 :  600  000, 
If  the  measurement  of  May  11  of  II B'  were  excluded,  for  which 
unfortunately  there  is  no  good  reason,  we  would  have 

A'  B'  ^  1995-0193  ±  0-9™™. 

Probable  error  of  a  measurement  =  =t  1*7"*"™,  or  1 :  1 200  000. 
The  height  of  the  three  sections  above  sea  level  is 


m. 

A' I 

11-6 

III 

7-8 

II J5' 

7-8 

which  gives  the  following  corrections  for  the  reduction  to  sea  level: 
for  A'  I  -  1-3'""',  for  I II  -  0-5»^'",  for  II B'  —  l-l*""". 
This  makes  the  lines  at  sea  level  to  have  the  following  lengths: 


m. 

A' I 

739  -7700 

III 

367  0101 

• 

11  B' 

A'  B 

888  -2341 

1995-0142 

8.  Ex.  19,  pt.  2— 

—11 
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The  result  of  the  computation  from  A  B  was  1995-0158,  which  agrees 
witli  the  measurement  within  1-6'""',  or  1: 1 250  000. 

By  omitting  the  one  result  for  II B  alrejidyTeferred  to,  or  taking  for 
A'  B  1995-0164°',  the  difference  would  be  only  0-6""",  or  1:  3  300  000. 

The  probable  error  committed  in  making  a  scale* reading  can  be 
obtained  from  the  record  by  supposing  that  the  temperature  was  con- 
stant during  an  entire  measurement.  Since  the  temperature  was 
changing,  the  variation  of  differences  is  effected  by  these  temperature 
changes,  and  the  error  obtained  in  this  manner  will  be  somewhat  too 
large.    The  record  gives 


mm. 

III 

±  0-15(> 

LIB' 

±  0-159 

IJl' 

±  0-l(>4 

-h  0164 

or  the  mean 

The  probable  error  for  the  difference  of  the  two  readings  must 
therefore  be  less  than  ±  0-164""",  and  each  individual  reading  must 
be  affected  by  an  error  which  is  smaller  than 

^'  ^l}^  or  ±  O-lie*"*" 
V  2 

From  e(|uation  (17)  the  probable  error  in  a  line  2000"  in  length,  when 

n  =  80,  is 

mm, 
(p  <   L  2-86 

or  9?  <  1  :  700  000 

The  greatest  accidental  error  is  evidently  that  which  arises  in  read- 
ing the  scales.  For  in  the  alignment,  although  made  with  the  unaideci 
eye,  the  average  error  can  not  exceed  2<="',  an  inaccuracy  which,  if  uni- 
formly committed,  could  cause  an  error  for  each  wire  length  of  only 
0-008""",  or  for  2000"^  0-64"'"' ;  and  this  error  wouhl  always  have  the 
5ame  sign.  The  error  in  leveling  from  which  result  errors  in  determin- 
ing the  difference  in  the  heights  of  the  two  ends  of  the  wire  could  not 
well  make  thi«  difference  erroneous  by  more  than  3"'"'.  which,  if  each 
inclination  were  as  much  as  1  :  100,  would  cause  an  error  of  oply  0-03""" ; 
and  since  the  sign  of  this  may  be  either  plus  or  minus,  for  80  lengths 
it  would  not  exceed  0-03  \/80  =  0-27""".  If  the  inclination  were  always 
1  :  20  the  errors  would  be  0-15  and  l^"'"",  and  this  is  less  than  the  errors 
resulting  from  the  error  of  measuring  or  from  faulty  scale  reading. 

The  discussion  just  completed  of  the  various  souices  of  error  which 
arise  in  the  measurement  of  lines  with  wires  may  appeal*  to  detract 
from  the  confidence  which  this  method  ai)peared  to  beget. 

The  resulting  probable  error  for  the  measurement  finds  its  confirma- 
tion partly  iu  the  agreement  of  the  measures  one  with  another  and 
partly  in  the  coim^idence  of  the  final  results  for  the  whole  line  with  the 
value  obtained  when  measured  with  another  form  of  apparatus. 
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With  reference  to  the  former  of  the  above  remarks,  it  is  necessary  to 
call  attention  to  th^  unfavorable  conditions  under  which  the  compara- 
tor was  measuretl,  for  it  was  during  this  i)erifKl  that  because  of  external 
conditions  the  line  was  very  unstable.  This  occasioned  a  less  accurate 
determination  of  the  lengths  of  the  wires,  as  well  as  a  less  reliable 
value  for  the  coefficients  of  expansion,  than  under  ordinary  circum- 
stances could  be  expected. 

From  the  error  in  the  determination  of  the  lengths  arises  a  constant 
error  in  the  nature  of  a  correction  to  the  length  as  well  as  an  error  in 
the  temperature  coming  from  the  scale  readings — themselves  depend- 
ent ui)on  the  lengths. 

Likewise,  an  erroneous  value  for  the  coefficient  of  expansion  occasions 
an  error  in  the  temperature  reduction  of  the  line  and  also  a  varying 
error  in  the  determination  of  the  temperature  itself. 

The  error  in  the  actual  length  of  the  wire  has  for  the  same  line  the 
same  value,  and  the  nearer  the  temperature  remains  constant  during 
the  measuring  the  nearer  constant  will  be  the  error  resulting  from  the 
uncertainties  in  the  determination  of  the  coefficient  of  expansion. 

Since  in  the  experiments  here  described  the  latter  was  the  case,  the 
total  error  arising  from  these  sources  maybe  approximately  regarded 
as  a  constant  correction  factor,  or  for  the  line  A'  B'  it  is  of  the  same 
size  for  all  the  measurements. 

The  interagreement  in  the  various  measurements  of  the  lino  A'  B' 
can  not  be  sensibly  affected  by  these  errors. 

On  the  other  hand,  in  comparing  the  results  of  the  measurements 
with  wires  with  the  results  obtained  with  the  apparatus  of  the  Koyal 
Academy  of  Sciences,  the  following  is  observed : 

1.  In  the  connection  of  A'  B'  with  A  B  errors  may  exist  which  could 
affect  our  knowledge  of  the  length  of  the  former. 

2.  The  point  B  was  covered  \Cith  dirt,  and  the  stone  in  which  it  was 
marked  might  have  been  disarranged  in  the  dumping. 

3.  The  point  A  is  in  a  somewhat  small  stone  on  the  surface  of  the 
ground,  and  has  for  that  reason  an  insecure  position.  It  has  been 
observed  that  this  stone  was  raised  from  its  position  by  a  heavy  wagon 
passing  over  it  and  that  it  afterwards  fell  back  into  its  place. 

4.  The  heads  of  the  iron  bolts  in  the  top  of  the  terminal  stones  are 
rusted,  so  that  it  is  difficult  to  see  distinctly  the  drill  holes  which  mark 
A  and  B, 

The  close  agreement  between  the  measured  and  computed  values  of 
A'  B'  must  be  regarded  in  a  certain  degree  as  a  happy  accident,  but,  on 
the  other  hand,  it  must  be  said  that  the  coincidence  would  have  been 
ecjually  close  if  the  obstacles  mentioned  had  not  been  met. 

Since  the  above  communication  was  made  to  the  Royal  Academy  of 
Sciences,  in  May  of  last  year,  the  experiments  have  been  continued 
and  certain  changes  in  the  apparatus  have  been  ma<le.  Therefore  the 
description  of  the  apparatus  just  given  does  not  apply  to  the  form  now 
in  use. 
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AiuoDg  the  exi>erieucea  which  have  resulted  from  the  recent  experi- 
inentH  one  at  least  is  of  iinpoi'tanee;  that  is  in  regard  to  the  question 
of  a  change  in  the  lengths  of  wires  during  a  long  period  of  time. 

The  mean  time  in  which  the  measurements  of  the  comparator  here 
referred  to  were  made  was  18.S3*0.  The  line  was  measured  anew  with 
the  base  apparatus  of  the  Academy  on  September  3  and  4, 1884,  at 
which  time  complete  comparisons  were  made  with  the  standard.  The 
length  of  the  line  showed  since  November  12, 1882,  a  decrease  of  0*1"'"'. 
The  wires  A,  J5,  0,  i>,  iJ,  and  F  were  again  compared  on  September  4 
and  5  (temp.  =  +  16^  Celsius)  and  once  on  November  12  (temp.  =  +  30). 
The  results  are  given  below,  except  for  A,  which  was  injured  in  the 
interim.  In  the  period  from  1883*0  to  1884*8  all  the  wires  were  rei;)eat- 
edly  unrolled  and  rolled. 

Wire. 

B  (brass) 
C      '' 
D  (steel) 
E      '' 
F  (brass) 

On  the  average,  without  and  with  regard  to  the  signs,  the  changes 
in  the  lengths  were  0'07***"*  and  +  0'046°*'».  The  comparisons  of  Sep- 
tember, 1884,  were  made  by  persons  who  had  had  no  experience  in  work, 
of  this  kind.  The  deviations  in  length  or  the  apparent  changes  in 
length  of  the  different  wires  fall  unquestionably  within  or  very  near 
the  probable  error  of  the  last- made  comparisons. 

Translator's  Note. — For  later  experience  in  the  use  of  steel  tapes  see  an  ex- 
haustive report  by  Assistant  R.  S.  Woodward,  Appendix  8,  Coast  and  Geodetic 
Survey  Report  1892,  Part  II. 


Change  in  length 
during  1'8  years. 

l/il/i. 

-0-06 

+  012 

-0-02 

+  0-17 

+  0-01 

APPENDIX   No.  6—1893. 


FUNDAMENTAL  STANDARDS  OF  LENGTH  AND  MASS. 


While  the  Constitution  of  the  United  States  authorizes  Congress 
to  "fix  the  standard  of  weights  and  measures,"  this  power  has  never 
been  definitely  exercised,  and  but  little  legislation  has  been  enacted 
upon  the  subject.  "  Washington  regarded  the  matter  of  sufficient  im- 
portance to  justify  a  special  reference  to  it  in  his  first  annual  message 
to  Congress  (January,  1790),  and  Jefferson,  while  Secretary  of  State, 
prepared  a  report,  at  the  request  of  the  House  of  Eepresentatives, 
in  which  he  proposed  (July,  1790)  "to  reduce  every  branch  to  the 
decimal  ratio  already  established  for  coins,  and  thus  bring  the  cal- 
culation of  the  principal  affairs  of  life  within  the  arithmetic  of  every 
man  who  can  multiply  and  divide."  The  consideration  of  the  subject 
being  again  urged  by  Washington,  a  committee  of  Congress  reported 
in  favor  of  Jefferson's  plan,  but  no  legislation  followed.  In  the  mean- 
time the  executive  branch  of  the  Government  found  it  necessary  to 
procure  standards  for  use  in  the  collection  of  revenue  and  other  opera- 
tions in  which  weights  and  measures  were  required,  and  the  Troughton 
d2inch  brass  scale  was  obtained  for  the  Coast* and  Geodetic  Survey  in 
1814,  a  platinum  kilogramme  and  metre,  by  Gallatin,  in  ISlil,  and  a 
troy  pound  from  London  in  1827,  also  by  Gallatin.  In  1828  the  latter 
was,  by  act  of  Congress,  made  the  standard  of  mass  for  the  Mint  of 
the  United  States,  and,  although  totally  unfit  for  such  purpose,  it  has 
since  remained  the  standard  for  coinage  purposes. 

In  1830  the  Secretary  of  the  Treasury  was  directed  to  cause  a  com- 
parison to  be  made  of  the  standards  of  weight  and  measure  used  at 
the  principal  custom-houses,  as  a  result  of  which  large  discrepancies 
were  disclosed  in  the  weights  and  measures  in  use.  The  Treasury 
Department,  being  obliged  to  execute  the  constitutional  provision  that 
all  duties,  imposts,  and  excises  shall  be  uniform  throughout  the  United 
States,  adopted  the  Troughton  scale  as  the  standard  of  length  j  the 
avoirdupois  pound,  to  be  derived  from  the  troy  pound  of  the  Mint,  as 
the  unit  of  mass.    At  the  same  time  the  Department  adopted  the  wine 


*'  This  p!i])er  was  first  published  as  Hulletin  No.  26,  and  is  republished  here  to 
give  it  a  more  permanent  form.  Appended  to  it  will  be  fonnd  a  third  edition  of  the 
Tables  for  converting  Customary  and  Metric  Weights  and  Measures. 
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gallon  of  231  cubic  inches  for  liquid  measare  and  the  Winchester 
bushel  of  2150'42  cubic  inches  for  dry  measure.  In  1830  the  Secretary 
of  the  Treasury  was  authorized  to  cause  a  complete  set  of  all  weights 
and  measures  ado])ted  as  standards  by  the  Department  for  the  use  of 
custom-houses  and  for  other  i)urposes  to  be  delivered  to  the  governor 
of  each  State  in  the  Union  for  the  use  of  the  States,  respectively,  the 
object  being  to  encourage  uniformity  of  weights  and  measures  through- 
out the  Union.  A.t  this  time  several  States  had  adopted  standards 
differing  from  "those  used  in  the  Treasury  Department,  but  after  a  time 
these  were  rejected,  and  finally  nearly  all  the  States  formally  adopted, 
by  act  of  legislature,  the  standards  which  had  been  put  in  their  hands 
by  the  National  Government.  Thus  a  good  degree  of  uniformity  was 
secured,  although  Congress  had  not  adopted  a  standard  of  mass  or  of 
length;  other  than  for  coinage  purposes,  as  already  described. 

The  next  and  in  many  respects  the  most  important  legislation  upon 
the  subject  was  the  act  of  July  28, 1806,  making  the  use  of  the  metric 
system  lawful  throughout  the  United  States  and  defining  the  weights 
and  measures  in  common  use  in  terms  of  the  units  of  this  system.  This 
was  the  first  general  legislation  upon  the  subject,  and  the  metric  sys- 
tem was  thus  the  first,  and  thus  far  tir*  only,  system  made  generally 
legal  throughout  the  country. 

In  1875  an  international  metric  convention  was  agreed  upon  by 
seventeen  Governments,  including  the  United  States,  at  which  it  was 
undertaken  to  establish  and  maintain  at  common  expense  a  permanent 
international  bureau  of  weights  and  measures,  the  first  object  of  which 
should  be  the  preparation  of  a  new  international  standard  metre  and 
a  new  international  standard  kilogramme,  copies  of  which  should  be 
made  for  distribution  among  the  contributing  Governments.  Since 
the  organization  of  the  Bureau,  the  United  States  has  regularly  con- 
tributed to  its  support,  and  in  1889  the  copies  of  the  new  international 
prototypes  were  ready  for  distribution.  This  was  eflfected  by  lot,  and 
the  United  States  received  metres  Nos.  21  and  27  and  kilogrammes 
Kos.  4  and  20.  The  metres  and  kilogrammes  are  made  from  the  same 
material,  which  is  an  alloy  of  platinum  with  10  per  cent  of  iridium. 

On  January  2, 1890,  the  seals  which  had  been  placed  on  metre  No.  27 
and  kilogramme  No.  20  at  the  International  Bureau  of  Weights  and 
Measures,  near  Paris,  were  broken  in  the  Cabinet  room  of  the  Execu- 
tive Mansion  by  the  President  of  the  United  States  in  the  presence  of 
the  Secretary  of  State  and  the  Secretary  of  the  Treasury,  together  with 
a  number  of  invited  guests.  They  were  thus  adoi)ted  as  the  national 
prototype  metre  and  kilogramme. 

The  Troughton  scale,  which  in  the  early  part  of  the  century  ha<l  be^n 
tentatively  adoi)ted  as  a  standard  of  length,  has  long  been  recognized 
as  quite  unsuitable  for  such  use,  owing  to  its  faulty  ccmstruction  and  the 
inferiority  of  its  gra^luation.  For  many  years,  in  standardizing  length 
measures,  recourse  to  copies  of  the  imperial  yard  of  Great  Britain  had 
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been  necessary,  and  to  the  copies  of  the  metre  of  the  archives  in  tlie 
office  of  weights  and  measures.  The  standard  of  mass  originally 
selected  was  likewise  unfit  for  use  for  similar  reasons,  and  had  been 
practically  ignored. 

The  recent  receipt  of  the  very  accurate  copies  of  the  International 
Metric  Standards,  whicli  are  constructed  in  accord  with  the  most 
advanced  conceptions  of  modern  metrology,  enables  comparisons  to  be 
made  directly  with  those  standards,  as  the  eiiuations  of  the  national 
prototypes  are  accurately  known.  It  has  seemed,  therefore,  that  greater 
stability  in  weights  and  measures,  as  well  as  much  higher  accuracy  in 
their  comparison,  can  be  secured  by  accepting  the  international  proto- 
types as  the  fundamental  standards  of  length  and  mass.  It  was  doubt- 
less the  intention  of  Congress  that  this  should  bo  done  when  the 
international  metric  convention  Avas  entered  into  in  1875;  otherwise 
there  would  be  iiothing  gained  from  the  annual  contributions  to  it« 
support  which  the  Govern  n)ent  has  constantly  made.  Such  action  will 
also  have  the  great  advantage  of  putting  us  in  direct  relation  in  our 
weights  and  measures  with  all  civilized  nations,  most  of  which  have 
adopted  the  metric  system  for  exclusive  use.  The  practical  eliect  upon 
our  customary  weights  and  measures  is,  of  course,  nothing.  The  most 
careful  study  of  the  relation  of  the  yard  and  the  metre  has  failed  thus 
far  to  show  that  the  relation  as  defined  by  Congress  in  the  act  of  1806 
is  in  error.  The  pound  as  there  defined,  in  its  relation  to  the  kilo- 
gramme, differs  from  the  imperial  pound  of  Great  Britain  by  not  more 
than  one  part  in  one  hundred  thousand,  an  error,  if  it  be  so  called, 
which  utterly  vanishes  in  comparison  with  the  allowances  in  all  ordi- 
nary transactions.  Only  the  most  refined  scientific  research  will  demand 
a  closer  ap[)roximation,  and  in  scientific  work  the  kilogramme  itself  is 
now  universally  used,  both  in  this  country  and  in  England.* 

In  view  of  these  facts,  and  the  absence  of  any  material  normal  stand- 
ards of  customary  weights  and  measures,  the*Ottice  of  Weights  and 
Measures,  with  the  approval  of  the  Secretary  of  the  Treasury,  will  in 
the  future  regard  the  International  Prototype  Metre  and  Kilogramme 
as  fundamental  standards,  and  the  customary  units — the  yard  and  the 
pound — will  be  derived  therefrom  in  accordance  with  the  Act  of  July  28, 


**  NoTK. — Reference  to  tht»  act  of  1K66  results  in  the  oHtabliHhment  of  the  foUowing : 

Eqnaiiont<. 
,       .S600 

1  pound  avoinlnpois  ---  kjr. 

2-2046 

A  more  precise  value  of  the  English  pound  avoirdupois  is  ^  - — -     kg.,  differing  from 

the  above  by  about  one  part  in  one  hundred  thousand,  but  the  equation  established 
by  law  is  sufhciontly  accurate  for  all  ordinary  conversionH. 

As  already  stated,  in  work  of  high  precision  tlie  kilogramme  is  now  all  but  uni- 
versally used  and  no  conA'ersion  is  required. 
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1866.  Indeed,  this  course  lias  been  practically  forced  ui)on  thin  Office 
for  several  years,  but  it  is  considered  desirable  to  make  tliis  formal 
announcement  for  the  information  of  all  interested  in  tlie  science  of 
metrology  or  in  Qieasurements  of  precision. 

T.  C.  Mendenhall, 
iSuperintendent  of  Standard  Weights  and  Measures, 
Approved : 

J.  G.  Carlisle, 

Secretary  of  the  Treasury. 
April  5, 1893. 


[Unit«d  states  Coast  Hod  (reoiletic  Survey.— Office  of  Standard  Welglits  and  Measures— T.  C. 

Mendenhall,  Saperintendent.] 

tables  for  converting  customary  and  metric  weights  and 

measures. 

Office  of  Standard  Weights  and  Measures, 

Washington,  D.  C,  March  J^l,  1894. 

The  yard  in  use  in  the  United  States  is  equal  to  fg  Jf  of  the  metre. 

The  troy  pound  of  the  mint  is  the  United  States  standard  weight 
for  coinage.  It  is  of  brass  of  unknown  density,  and  therefore  not  suit- 
able for  a  standard  of  mass.  It  was  derived  from  the  British  standard 
troy  pound  of  1758  by  direct  comparison.  The  British  avoirdupois 
pound  was  also  derived  from  the  latter  and  <*x)ntaiTis  7,00<)  grains  troy. 
The  grain  troy  is  therefore  the  same  as  the  grain  avoirdupois,  and  the 
pound  avoirdupois  in  use  in  the  United  States  is  equal  to  the  British 
pound.  • 

2*20462234  pounds  avoirdupois  =  1  kilogramme. 

In  Great  Britain  the  legal  metric  equivalent  of  the  imperial  gallon  is 
4*«54346  litres,  and  of  the  imperial  bushel  3()-3477  litres. 

The  length  of  a  nautical  mile,  as  given  below,  is  that  adopted  by  the 
United  States  Coast  Survey  many  years  ago,  and  defined  as  the  length 
of  a  minute  of  arc  of  a  great  circle  of  a  sphere  whose  surface  is  equal 
to  the  surface  of  the  earth  (the  Clarke  spheroid  of  1866). 

I  foot  =  0-304801  metre,  9*4840158  log. 

I  fathom  --  I -829  metres. 

I  Gunter's  chain  =      20*1168  metres. 

I  square  statute  mile  —  259*000  hectares. 

I  nautical  mile  =  1853*25  metres. 

I  avoirdupois  pound  -^  453*5924277  grammes. 

15432*35639  grains  =  i  kilogramme. 
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Tables  far  converting  United  States  weights  and  measures. 

[CastomAry  to  metric.] 
LINEAR. 


Inches 

.  Millimetres. 

Fe< 

I 

25  -4001 

I 

2 

50-8001 

2 

3 

76-2002 

3 

4 

10 1 '6002 

4 

5 

127-0003 

5 

6 

152-4003 

6 

7 

177-8004 

7 

8 

203-2004 

8 

9 

228*6005 

9 

et.       Metres. 

Yards. 

Metres. 

Miles. 

Kilometres. 

0-304801 

I 

0-914402 

I 

1*60935 

0-609601 

2 

1-828804 

2 

3*21869 

0-914402 

3 

2-743205 

3 

4-82804 

I -219202 

4 

3-657607 

4 

6*43739 

1-524003 

5 

4572009 

5 

8*04674 

I  828804 

6 

5 -48641 1 

6 

965608 

2-133604 

7 

6-400813 

7 

1 1  -26543 

2-438405 

8 

7-3I52I5 

8 

12-87478 

2  743205 

9 

8-229616 

9 

14-48412 

SQUARE. 


Square        Square      :  S(iuare 
inches,    centimetres.  I    feet. 


Sc)uare       Square 
decimetres,    yards. 


I 

6-452 

2 

12-903 

3 

19355 

4 

25-807 

5 

32-258 

6 

38-710 

7 

45-161 

8 

51-613 

9 

58-065 

I 

2 

3 

4 

5 
6 

7 
8 

9 


9290 
18-581 
27*871 
37*i6i 
46452 

55742 
65  -032 

74323 
83-613 


I 

2 

3 

4 

5 
6 

7 
8 

9 


Square 
metres. 

1 

Acres. 

Hectares. 

0836 

I 

04047 

1-672 

2 

0*8094 

2  508 

3 

I-214I 

3*344 

4 

1-6187 

4-181 

5 

20234 

5017 

6 

2-4281 

5*853 

7 

28328 

6-689 

8 

32375 

7-525 

9 

3*6422 

CUBIC. 


Cubic 

Cubic 

Cubic 

1 
Cubic 

Cubic 

Cubic 

Rush- 

Hecto- 

inches. 

centimetres. 
16-387 

feet. 

I 

metres. 
0-02832 

yards. 

I 

metres. 

els. 

'     litres. 

I 

0-765 

I* 

0-35239 

2 

32774 

2 

0-05663 

2 

1-529 

2 

070479 

3 

49-161 

3 

0-08495 

3 

2-294 

3 

I  05718 

4 

65-549 

4 

O-II327 

4 

3058 

4 

I  40957 

5 

81-936 

5 

O-14158 

5 

3823 

5 

1-76196 

6 

98323 

6 

0-16990 

6 

4587 

6 

2-1 1436 

7 

II4.710 

7 

0-19822 

7 

5*352 

7 

246675 

8 

131-097 

8 

022654 

8 

6-116 

8 

2819I4 

9 

147-484 

9 

0-25485 

9 

6*881 

9 

3-17154 

CAPACITY. 


Fluid 
drams. 


I 
2 

3 

4 

5 
6 

7 
8 

9 


Millilitrcs 

or  cubic 

centimetres. 


3*70 

7-39 
1 1  09 

14-79 

18-48 

22-18 

25 -88 

29-57 
33*27 


Fluid 
ounces. 


I 
2 

3 

4 

5 
6 

7 
8 

9 


Millilitrcs.    Quarts 


29-57 

59-15 
8872 

118-29 

147-87 

177-44 
207  02 

236-59 
266-16 


I 

2 

3 
4 

5 
6 

7 
8 

9 


ts.        Litres. 

Gallons 

Litres. 

0-94636 
I  -89272 
2-83908 

3-78543 

I 

2 

3 
4 

3-78543 
757087 

1 1  35630 

15*14174 

4*73179 

5*67815 
6-62451 

7*57087 
8-51723 

5 
6 

7 
8 

.    9 

18-92717 
22-71261 
26-49804 
30*28348 
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Tables  for  converting  United  States  weights  and  measures — CoDtiDued. 

[Castomary  to  metric] 
WEIGHT. 


Grains. 

Milli- 

Avoir- 
dupois 

Grammes. 

Avoir- 
dupois 

KiIo« 

Troy 

Grammes. 

I 

grammes. 

ounces. 
I 

pounds. 

I 

grammes. 
0-45359 

ounce« 

I 

». 

647989 

283495 

31  10348 

2 

1295978 

2 

566991 

2 

0-90719 

2 

62-20696 

3 

194-3968 

3 

850486 

3 

I  36078 

3 

93-31044 

4 

2591957 

4 

i»3'398i 

4 

1-81437 

4 

124-41392 

5 

3239946 

5 

141 7476 

5 

2  26796 

5 

155-51740 

6 

3887935 

6 

1700972 

6 

2-72156 

6 

186-62088 

7 

4535924 

7 

1984467 

7 

317515 

7 

21772437 

8 

518-3914 

8 

2267962 

8 

3-62874 

8 

248-82785 

9 

583  "903 

9 

2551457 

9 

408233 

9 

279-93133 

By  the  concurrent  action  of  tbe  principal  Governments  of  the  world, 
an  International  Bureau  of  Weights  and  Measures  has  been  estab- 
lished near  Paris.  Under  the  direction  of  the  International  Committee, 
two  ingots  were  cast  of  pure  platinum-iridium  in  the  proportion  of  9 
parts  of  tlie  former  to  1  of  the  latter  metal.  From  one  of  these  a  cer- 
tain number  of  kilogrammes  were  prepared;  from  the  other  a  definite 
number  of  metre  bars.  These  standards  of  weight  and  length  were 
intercompared  without  preference,  and  certain  ones  were  selected  as 
international  prototype  standards.  The  others  were  distributed  by 
lot,  in  September,  1889,  to  the  different  Governments,  and  are  called 
national  prototype  standards.  Those  apportioned  to  the  United  States 
were  received  in  1890  and  are  in  the  keeping  of  this  office. 

The  metric  system  was  legalized  in  the  United  States  in  1866. 

The  International  Standard  Metre  is  derived  from  the  Metre  des 
Archives,  and  its  length  is  defined  by  the  distance  between  two  lines  at 
0^  centigrade  on  a  pliitinum-iridium  bar  deposited  at  the  International 
Bureau  of  Weights  and  Measures. 

The  International  Standard  Kilogramme  is  a  mass  of  platinum-iridium 
deposited  at  the  same  place,  and  it«  weight  in  va<^uo  is  the  same  as  that 
of  the  Kilogramme  des  Archives. 

The  litre  is  equal  to  a  cubic  decimetre,  and  it  is  measured  by  the 
quantity  of  distilled  water  which,  at  its  maximum  density,  will  coun- 
terpoise the  standard  kilogramme  in  a  va(*uum,  the  volume  of  such  a 
quantity  of  water  being,  as  nearly  as  has  been  ascertained,  equal  to  a 
cubic  decimetre. 
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Tables  for  cwnveriing  United  States  tceighte  and  measures, 

[Metric  to  cnBtomary.] 
LINEAK. 


Metres. 

Inches. 

Metres. 
I 

Feet. 
328083 

.Metres. 

I 

Yards. 

Kilo- 
metres. 

I 

"            1 

1 

Miles. 

I 

393700     . 

I  093611 

0-62137 

2 

787400 

2 

6-56167 

2 

2-187222 

2 

I  24274     ' 

3 

ii8'iioo 

3 

9-84250 

3 

3-280833 

3 

I -8641 1      ' 

4 

1574800 

4 

^312333 

4 

4-374444 

!     4 

2-48548 

5 

196-8500 

5 

16-40417 

5 

5468056 

5 

310685 

6 

236  2200 

6 

19-68500 

6 

6-561667 

6 

3-72822 

7 

2755900 

7 

2296583 

7 

7-655278 

7 

434959 

8 

3149600 

8 

26-24667 

8 

8748889 

8 

497096 

9 

3543300 

9 

2952750 

9 

1 

9-842500 

9 

559233 

SQUARE. 

Square 

Square, 

Square 

Square 

Square 

Square 

Hec- 

1 

metres. 

inches. 

metres. 

feet. 

metre.s. 

yards. 

tares. 

I 

01550 

I 

10-764 

I 

I-196 

I 

1 

2-471 

2 

0-3100 

2 

21-528 

2 

2392 

2 

4942 

3 

0-4650 

3 

32-292 

3 

3588 

3 

7413 

4 

0-6200 

4 

43055 

4 

4-784 

4 

9-884 

5 

07750 

5 

53819 

5 

5980 

5 

12355 

6 

0-9300 

6 

64583 

6 

7-176 

6 

14826 

7 

I  0850 

7 

•     75  347 

7 

8-372 

7 

17-297 

i    « 

1-2400 

8 

86-III 

8 

9568 

8 

19768 

;  9 

1 

I  3950 

9 

96875 

9 
BIC. 

10-764 

9 

22239     i 

1 

CU] 

Cubic 
centi- 
metres. 

Cubit- 
inches. 

Cubic 
deci- 
metres. 

Cubic 
inches. 

Cubic 
metres. 

Cubic  feet. 

Cubic 
metres. 

Cubic 
yards. 

1 

I 

0-0610 

I 

61-023 

I 

35  314 

1 

I  308 

2 

01 220 

2 

1 22  047 

2 

70  629 

2 

2-6i6 

^3 

0-1831 

3 

183-070 

3 

105 -943 

3 

3924 

4 

0-2441 

4 

244-094 

4 

141-258 

4 

5-232    ! 

5 

03051 

S 

305117      . 

5 

176-572 

5 

6-540    • 

6 

0-3661 

6 

366-140 

6 

211-887 

6 

7848     : 

7 

0-4272 

7 

427-164 

7 

247-201 

7 

9-156       : 

8 

0-4882 

8 

488-187 

8 

282-516 

8 

10*464 

9 

1 

05492 

9 

549-210 

9 

3" 7  830 

9 

II-77I 
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Tables  for  converting  United  States  weighte  and  measures — Continued. 

[Metric  to  caBtomary.] 
CAPACITT. 


MiUi- 

< 

cubic    j_„^„ 

Centi-  Fluid 
litres,  ounces. 

Litres 

.    Quarts. 

Deca 
litres 

'  Gallons. 

• 

?ifr^et  B-»»els. 

nictren. 

I        0-27 

I       0338 

I 

I  0567 

I 

2-6417 

I         28377 

2        054 

2       0676 

2 

2II34 

2 

5-2834 

2         56755 

3       oi>» 

3      I  OH 

3 

31700 

3 

7-9251 

3       8-5132 

4         I  08 

4      1-353 

4 

4-2267 

4 

10-5668 

4     ii-35«o 

5       I  -35 

5      I  -691 

5 

52834 

5 

13-2085 

5     14-1887 

I     6        I  62 

6      2-029 

6 

63401 

6 

15-8502 

6     17-0265 

7       1-89 

7     2367 

7 

7-3968 

7 

18-4919 

7     1 9  8642 

8       216 

8     2705 

8 

8-4535 

8 

21-1336 

8     22-7019 

9       2-43 

9      3-045 

9 

9-5101 

9 

23-7753 

9     255397 

WEIGHT. 


Milli- 
grammes. 


Grains. 


Kilo- 
f^mmes. 


Grains. 


I 
2 

3 

4 

5 
6' 

7 
8 

9 


Quintals. 


0-01543 
o  03086 
0-04630 
006173 
007716 
0-09259 
0-10803 
0-12346 
0-1388^ 


I 

2 

3 

4 

5 
6 

7 
8 

9 


15432-36 
30864-71 

46297  -07 

61729-43 

77161-78 

92594-14 

108026-49 

123458-85 

1 3889 1 -21 


Hecto- 

Ounces 

Kilo- 

Pounds 

grammes 

-    dupois. 
.3-5274 

gramme 
I 

mvoir- 
^-     dupois. 

I 

2-20462 

2 

7-0548 

2 

4-40924 

3 

10-5822 

3 

6-61387 

4 

14-1096 

4 

8-81849 

5 

17-6370 

5 

Ii'02311 

6 

21-1644 

6 

13-22773 

m 
1 

24-6918 

7 

15-43236 

8 

28-2192 

8 

17-63698 

9 

31-7466 

9 

19-84160 

Pounds 
avoirdupois. 


Milliers 
or  tonnes. 


I 

220-46 

I 

2 

3 
4 

440-92 
661  -39 
881-85 

2 

3 
4 

5 

1102-31 

5 

6 

132277 

6 

7 
8 

9 

1543-24 
1763-70 

1984-16 

7 
8 

9 

Pounds 
avoirdupois. 


2204-6 

4409-2 

6613-9 

8818-5 

11023-1 

13227-7 

15432-4 
17637-0 

1984 1 -6 


I 


Kilo- 
grammes. 


I 
2 

3 

4 

5 
6 

7 
8 

9 


Ounces 
troy. 


32-1507 

64-3015 
96-4522 

128-6030 

160-7537 

192-9044 

225-0552 

257-2059 

.'>89-3567 


APPENDIX  No.  7—1893. 


UNITS  OF  ELECTRICAL  MEASURE. 


Within  bat  little  more  than  a  decade  practical  applications  of  elec- 
tricity have  developed  with  a  rapidity  unparalleled  in  the  history  of 
modern  industries.  Many  millions  of  dollars  of  capital  are  now  invested 
in  the  manufacture  of  machinery  and  various  devices  for  the  production 
and  consumption  of  electricity.  As  it  has  now  become  a  commodity  of 
trade,  its  measurement  is  a  question  of  the  highest  importance  both 
to  the  producer  and  consumer.  Both  the  nomenclature  of  electro- 
technics  and  the  methods  and  instruments  of  measure  are  exception- 
ally precise  and  satisfactory,  but  there  has  been  lacking,  up  to  the 
present  tiuie,  the  very  important  and  essential  element  of  iixed  and 
invariable  units  of  measure  authoritatively  adopted.  Such  units  have 
long  been  in  use  among  scientific  men,  but  the  necessity  for  the  estab- 
lishment and  legalization  of  practical  units  for  commercial  purposes 
became  evident  in  the  beginning  of  the  recent  enormous  development 
of  the  applications  of  electricity. 

To  meet  this  universally  recognized  want,  conferences  and  con- 
gresses of  the  leading  electricians  of  the  world  have  been  held  at 
occasional  intervals,  the  first  being  the  Paris  Congress  of  1881.  These 
assemblages  have  been  international  in  their  character,  for  it  was 
wisely  determined  in  the  beginning  that  the  new  units  of  measure 
should  be  international  and,  indeed,  universal  in  their  application. 
It  was  convenient  to  make  them  so,  and  it  was  important  to  thus  facil-  * 
itate  international  interchange  of  machinery,  instruments,  etc.  The 
United  States  was  represented  by  oflicial  delegates  in  the  Congress  of 
1881,  and  also  in  subsequent  Congresses  in  1884. 

The  difficulty  of  the  material  representation  of  some  of  the  units  of 
measure  was  so  great  at  the  time  of  holding  these  ( -ongresses  that  no 
satisfactory  agreement  as  to  all  of  them  could  be  arrived  at.  Some 
recommendations  were  made,  but  they  at  no  time  received  the  unani- 
mous sui)port  of  those  interested,  and  were  admitted  by  all  to  be  ten- 
tative in  their  character.  During  the  past  few  years  the  advance  of 
knowledge  and  experience  among  electricians  was  such  as  to  indicate 
that  the  time  was  ripe  for  the  general  adoption  of  the  principal  units 
of  electrical  measure.    An  International  Congress  of  Electricians  was 
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arranged  for,  to  meet  in  Chicago  during  the  World's  Columbiau  Expo- 
sition of  1893.  In  this  congress  the  business  of  defining  and  naming 
units  of  measure  wjis  left  to  what  was  known  as  the  "Chamber  of  Del- 
egates," a  body  composed  of  those  only  who  had  been  officially  com- 
missioned by  their  respective  Governments  to  act  as  members  of  said 
chamber.  The  United  States,  Great  Britain,  Germany,  and  France 
were  each  allowed  five  delegates  in  the  chamber.  Other  nations  were 
represented  by  three,  two,  and  m  some  cases  one.  The  i>rincipal  nations 
of  the  world  were  represented  by  their  leading  electricians,  and  the 
chamber  embraced  many  of  the  most  distinguished  living  representa- 
tives of  ph^Tsical  science. 

The  delegates  representing  the  United  States  have  reported  to  the 
Honorable  the  Secretary  of  State,  under  date  of  November  (J,  1893, 
giving  the  names  and  definitions  of  the  units  of  electrical  measure  as 
unanimously  recommended  by  the  chamber  in  a  resolution  as  follows: 

Resolved f  That  the  several  Governments  represented  by  the  deleg^t^s  of  this  Inter- 
national Congress  of  Electricians  be,  and  they  iire  hereby,  recommended  to  formally 
adopt  as  legal  units  of  electrical  measure  the  following: 

As  a  unit  of  resistance,  the  international  ohm,  which  is  based  upon  the  ohm  equal  to 
10*  units  of  resistance  of  the  centimetre- gramme-second  system  of  electro-magnetic 
units,  and  is  represented  by  the  resistance  offered  to  an  unvarying  electric  current 
by  a  column  of  mercury  at  the  temperature  of  melting  ice  14*4521  grammes  in  mass, 
of  a  constant  cross-sectional  area  and  of  the  leught  of  106*3<^'". 

As  a  unit  of  current,  the  international  ampere,  which  is  one-tentli  of  the  unit  of  cur- 
rent of  the  C  G.  S.  system  of  electro-magnetic  units,  and  which  is  represented 
sufficiently  well  for  practical  use  by  the  unvarying  current  which,  when  paased 
through  a  solution  of  nitrate  of  silver  in  wat«r,  and  in  accordance  with  accompany- 
ing specifications/*  deposits  silver  at  the  rate  of  0*001118  of  a  gramme  per  second. 


*  In  the  following  specificaticm,  the  term  silver  voltameter  means  the  arrangement 
of  apparatus  by  means  of  which  an  electric  current  is  passed  through  a  solution  of 
^nitrate  of  silver  in  water.  The  silver  voltameter  measures  the  total  electrical  quan- 
tity which  has  passed  during  the  time  of  the  experiment,  and  by  noting  this  time 
the  time  average  of  the  current,  or  if  the  current  has  been  kept  constant  the 
current  itself,  can  be  deduced. 

In  employ ing  the  silver  voltameter  to  measure  currents  of  about  one  ampere,  the 
following  arrangements  should  be  adopted : 

The  kathode  on  which  the  silver  is  to  be  deposited  should  .take  the  form  of  a  plati- 
num bowl  not  less  than  10*""^  in  diameter  and  from  4*^'"  to  5*^"*  in  depth. 

The  anode  should  be  a  plate  of  pure  silver  some  30  square  centimetres  in  area  and 
2inm  or  3inm  [q  thickuess. 

This  is  supported  horizontally  in  the  lic^uid  near  the  top  of  the  solution  by  a 
platinum  wire  passed  through  holes  in  the  plate  at  opposite  corners.  To  prevent 
the  disintegrated  silver  which  is  formed  on  the  anode  from  falling  onto  the  kathode 
the  anode  should  be  wrapped  round  with  pure  filter  paper,  secured  at  the  back  with 
sealing  wax. 

The  liquid  should  consist  of  a  neutral  solution  of  pure  silver  nitrate,  containing 
about  15  parts  by  weight  of  the  nitrate  to  85  parts  of  water. 

The  resistance  of  the  voltameter  changes  somewhat  as  the  current  passes.  To 
prevent  these  changes  having  too  great  an  effect  on  the  current  some  resistance 
besides  that  of  the  voltameter  should  bo  inserted  in  the  circuit.  The  total  metallic 
resistance  of  the  circuit  should  not  be  less  than  10  ohms. 
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As  a  unit  of  electro-motive  force,  the  iHtemalional  rolt,  wliicli  is  the  electro-motive 
force  that,  steadily  applied  to  a  conductor  whoso  resistance  is  one  international 
ohm,  will  produce  a  current  of  one  intemationul  ampere,  and  which  is  represented 
sufficiently  well  for  practical  use  by  \^li^  of  the  electro- motive  force  between  the 
poles  or  electrodes  of  the  voltaic  cell  known  as  Clark's  cell,  at  a  temperature  of  15^ 
C,  and  prepared  in  the  manner  described  in  the  accompanying  specification.* 

As  a  unit  of  quantity,  the  international  coulomb,  which  is  the  quantity  of  elec- 
tricity transferred  by  a  current  of  one  international  nmi)('re  in  one  second. 

As  a  unit  of  capacity,  tho  international  farads  which  is  the  capacity  of  a  condenser, 
charged  to  a  potential  of  one  international  volt  by  one  international  coulomb  of 
electricity. 

As  a  unit  of  work,  th«  j'ow/e,  which  is  equal  to  10'  units  of  work  in  the  C  G.  S.  sys- 
tem, and  which  is  represented  sutlicieutly  well  for  practical  use  by  the  energy 
expended  in  one  second  by  an  international  anipc*re  in  an  international  ohm. 

As  a  unit  of  power,  the  wattf  which  is  equal  to  10'  units  of  power  in  the  C.  G.  8. 
system,  and  which  is  represented  sufficiently  well  for  practical  use  by  the  work 
done  at  the  rate  of  one  joule  per  scM'ond. 

As  the  unit  of  induction,  the  henrif,  whirh  is  the  induction  in  a  circuit  when 
the  electro-motive  force  induced  in  this  circuit  is  one  international  volt,  while  the 
inducing  current  varies  At  the  rate  of  one  ampere  per  second. 

Besides  the  Wwt  that  the  Congress  in  whicli  this  important  and  far- 
reaching  action  was  taken  was  held  in  the  United  States,  our  country 
has  been  honored  by  the  action  of  the  Chamber  of  Delegates  in  placing 
in  the  list  of  the  illustrions  names  which  are  to  be  perpetuated  in  the 
nomenclature  of  electricity  that  of  our  countryman,  tloseph  Henry, 
whose  splendid  contributions  to  science,  made  about  sixty  years  ago, 
have  only  in  recent  years  met  with  full  recognition.  For  these  and 
other  reasons  it  is  extremely  desirable  that  our  Government  should  be 
among  the  first,  if  not  the  first,  to  adopt  the  rc(;ommendations  of  the 
Chamber.  To  make  the  use  (>f  these  units  obligatory  in  all  parts  of  the 
country  will  require  an  act  of  Congress,  but  in  the  absence  of  that  it 
is  within  the  power  of  the  Hecretary  of  the  Treasury  to  approve  their 
adoption  for  use  in  all  Departments  of  the  Government.  This,  indeed, 
is  precisely  the  course  long  ago  followed  in  reference  to  the  ordinary 
weights  and  measuies  of  commerce  and  trade.  Congress  has  never 
enacted  a  law  fixing  the  value  of  their  units,  but  the  Secretary  of  the 
Treasury  was  authorized  to  establish  and  construct  standards  for  use 
in  'the  various  Departments  of  the  Government.  Uniformity  has  fol- 
lowed on  account  of  the  universal  adoption  of  these  standards  by  the 
several  States. 

The  Government  is  itself  a  large  consumer  of  electricity  and  elec- 
trical machinery,  and  for  its  own  protection  it  is  important  that  units 
of  measure  be  adopted.  With  the  approval,  therefore,  of  the  Honor- 
able the  Secretary  of  tlie  Treasury,  the  fornml  adoption  by  the  Office 
of  Standard  Weights  and  Measures  of  the  names  and  values  of  units  of 


« 


A  committee,  consistin<<:  of  Messrs.  Hclinholtz,  Ayrton,  and  Carhart,  was 
appointed  to  prepare  specifications  for  the  Clurk  cell.  Their  report  has  not  yet 
been  received. 
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electrical  measure  as  giveu  above,  the  same  being  iu  accord  with  the 
recommendations  of  the  International  Congress  of  Electricians  of  1893, 
is  hereby  announced. 

T.  C.  Mendenhall, 
Superintendent  U.  8.  Coast  and  Geodetic  Survey 

and  of  Standard  Weights  and  Measures. 

Approved: 

J.  6.  Gablisle, 

Secretary  of  the  Treasury, 
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PART  l.~A  HISTORICAL  ACCOUNT  OP  THE   BOUNDARY  LINE  BETWEEN 
THE  STATES  OF  PENNSYLVANIA  AND  DELAWARE.  . 


By  W.  C.  HoiHiKiNS,  Assistant. 
Submitted  for  publlcatiou  December  1,  1898. 


The  history  of  the  boundary  line  between  the  States  of  Delaware  and 
Pennsylvania  possesses  a  peculiar  interest  to  the  antiquarian,  the  his- 
torian, and  the  engineer;  and  the  consideration  of  its  origin  carried  to 
its  ultimate  sources  leads  us  far  back  into  the  colonial  history  of  our 
country,  to  a  period  antedating  not  only  this  particular  boundary  line 
but  even  the  existence  and  very  name  of  the  great  State  of  Pennsylvania 
itself,  of  which  province,  under  the  proprietary  government,  Delaware 
for  nearly  a  century  formed  a  part. 

A  brief  outline  of  the  more  imi>ortant  historical  events  which  have 
left  their  impress  in  one  way  or  another  upon  the  long-continued  con- 
troversy over  the  boundaries  of  Delaware,  a  controversy  which  has 
extended  over  more  than  two  centuries  and  of  which  the  last  sounds 
have  hardly  yet  been  heard,  may  not  be  uninteresting  nor  out  of  place 
in  this  connection  as  serving  to  ex])lain  the  somewhat  intricate  aiul 
frecjuently  obscure  causes  which  have  resulted  in  the  conditions  under 
which  this  circular  boundary  has  at  last  been  marked  by  permanent 
monuments. 

The  earliest  settlement  by  Europeans  within  the  limits  of  the  present 
State  of  Dehiware  appears  to  have  been  made  by  a  Hollander  named 
De  Vries  and  a  party  of  his  countrymen,  who  landed  in  1G31  upon  a 
tract  of  land  near  Cape  Henlopen  which  had  been  purchased  from  the 
Indians  two  years  before  by  another  Hollander  named  Godyn. 

De  Vries  calhnl  his  settlement  Swaanendael,  and  the  creek  on  which 
it  was  situated  he  called  the  Hoornkill,  after  the  city  of  Hoorn,  in  Hol- 
land. Swaanendael  wa^  not  far  from  the  present  town  of  Lewes,  in 
Sussex  County,  and  the  Hoornkill  was,  no  doubt,  the  present  Lewes 
Creek. 

S.  Ex.  19,  pt.  J 12  ^OT. 
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The  name  Hoomkill,  it  may  be  remarked,  seems  to  have  become  more 
widely  known  tban  tbat  of  Swaanendael,  and  subsequently  gave  a  name 
to  the  county  under  various  corrupted  forms,  as  Uoarkill,  Horekill,  or 
Wborekills  (afterwards  called  New  Dale,  and  then  Sussex). 

After  establishing  his  colony  De  Vries  returned  to  Holland  to  secure 
more  settlers.  Upon  his  return  the  following  year  he  was  horrified  to 
find  thjit  the  Indians  ha<l  attacked  the  settlers,  about  thirty  in  number, 
had  put  them  all  to  death,  and  had  destroyed  the  village. 

This  tragic  (ivent,  according  to  the  best  information  attatnable,  seems 
to  have  been  due  to  the  killing  by  a  white  man  of  an  Indian  who  had 
torn  down  a  piece  of  metal  ornamented  with  the  Dutch  arms  from  a  post 
on  which  it  had  been  placed. 

There  are  various  versions  of  this  story,  none  of  which  are  i)erhaps 
quite  reliable,  as  they  depend  on  the  accounts  of  the  Indians  handed 
down  by  the  Dutch. 

It  appears,  however,  that  De  Vries  thought  the  killing  not  without 
some  good  reason,  for  he  made  no  attempt  to  punish  the  Indians,  though 
he  parleyed  with  them  and  induced  one  of  them  to  visit  his  ship  and 
to  give  an  account  of  the  massacre. 

This  unfortunate  afiair,  however,  discouraged  him  and  his  party,  and 
after  a  brief  trip  up  the  river  they  sailed  to  Virginia  and  then  to  New 
Amsterdam  (New  York),  preferring  to  relinquish  their  dreams  of  wealth 
from  a  new  colony  on  the  Delaware  rather  than  face  the  probability  of 
encountering  such  savage  foes;  and  for  many  years  the  Dutch  made  no 
further  attempt  to  settle  on  the  Delaware  shore. 

It  might,  therefore,  appear  that  the  incident  thus  abruptly  closed 
could  have  no  bearing  upon  the  course  of  future  settlements  nor  enter 
as  a  factor  into  the  question  of  a  boundary  line  between  colonies  sub- 
sequently established  by  the  English. 

As  will  be  seen  later,  however,  it  proved  to  be  an  event  of  much 
moment  in  the  conflict  between  the  opposing  claims  of  the  proprietary 
governments  of  Pennsylvania  and  Maryland. 

In  the  year  1632  King  Charles  I  of  England  granted  by  royal  letters 
patent  to  Caecilius  Calvert,  second  Baron  Baltimore,  a  great  tract  of 
country  on  the  Atlantic  coast  between  the  parallels  of  38^  and  40^  of 
north  latitude.  This  grant,  which  the  King  named  Terra  Maria?,  or 
Maryland,  in  honor  of  the  Queen,  Henrietta  Maria,  embraced  not  only 
the  present  area  of  Maryland,  but  the  whole  of  Delaware  and  a  con- 
siderable portion  of  the  present  State  of  Pennsylvania. 

The  whole  of  this  grant,  however,  was  included  within  the  tract 
already  granted  by  King  James  1  for  the  Colony  of  Virginia  under  three 
charters,  of  1606, 1609,  and  1612,  respectively.  In  the  first  charter  the 
boundaries  of  Virginia  are  thus  described: 

*  *  •  Situate;  lying,  or  bein^  all  aloug  the  sea  coaHts,  between  four  and  thirty 
degrees  of  northerly  latitude  from  the  equinoctial  line,  and  five  and  forty  degrees  of 
the  same  latitude,  and  in  the  ninin  land  between  the  Hanio  four  and  thirty  and  five 
and  forty  degrees  and  the  islands  thereunto  adjacent,  or  within  one  hundred  miles  of 
the  coast  thereof.    »    *    * 
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But  the  territory  thus  granted  to  the  Loudon  and  Bristol  companies 
was  materially  reducedby  King  James  himself  in  1620,  when  he  granted 
a  charter  to  the  Plymouth  Comi)any  for  all  the  territory  between  the 
fortieth  and  forty-eighth  parallels,  under  the  name  of  New  England.  In 
this  charter  we  read: 

We  therefore  *  "  "  do  grant,  ordain,  and  establish  that  all  that  Circait,  Con- 
tinent, Precincts  and  Limitts  in  America  lying  and  being  in  Breadth  from  Fourty 
Degrees  of  Northerly  Latitude  from  the  Equinoctial  Line,  to  Fourty  eight  Degrees 
of  the  said  Northerly  Latitude  and  in  length  by  all  the  Hreadth  aforesaid  throughout 
the  Maine  Land  from  Sea  to  Sea — with  all  the  Seas,  Rivers,  Islands,  Creekes,  luletts, 
Ports  and  Havens  within  the  Degrees,  Precincts  and  Limittsof  the  said  Latitude  and 
Longitude  shall  be  the  Liuiitts,  and  Bounds,  and  Precincts  of  the  second  coUony — 
and  to  the  end  that  the  said  Territorycs  may  hereafter  be  more  particularly  and  cer- 
tainly known  and  distinguished,  our  Will  and  Pleasure  is,  that  the  same  shall  from 
henceforth  be  nominated,  termed  and  called  by  the  name  of  New  England  in  America. 

This  brought  the  charter  limits  of  Virginia  down  to  tlie  fortieth  par- 
allel. But  there  was  much  dissatisfaction  with  the  management  of  the 
Virginia  colony  by  the  chartered  company,  and  in  1024  a  writ  of  quo 
warranto  was  issued  against  it  and  the  charter  was  forfeited. 

So  Virginia  became  a  Crown  Colony,  and  its  lands  were  subject  to  the 
royal  authority. 

Sir  George  Calvert,  the  first  Lord  Baltimore,  had  received  a  grant  of 
land  in  Newfoundland  Ciilled  Avalou,  but  finding  the  climate  unfavora- 
ble he  visited  Virginia.  Finding  that  the  part  of  Virginia  north  and 
east  of  the  Potomac  and  Chesapeake  was  still  unsettled,  he  returned  to 
England  and. induced  the  King  to  grant  him  this  territory  in  place  of 
the  undesirable  Avalon. 

Before  the  charter  was  issued  the  first  Lord  Baltimore  died,  but  the 
chfirler  was  confirmed  and  issued  to  his  son,  as  already  noted. 

In  this  charter  the  boundaries  of  Maryland  are,  in  i)art,  described  as 
follows: 

*  *  *  All  that  part  of  the  Peninsula  or  Chersonese,  lying  in  parts  of  America, 
between  the  ocean  on  the  east  and  the  Bay  of  Chesupeake on  the  west;  divided  from 
the  residue  thereof  by  a  right  lino  drawn  from  the  promontory  or  headland  called 
Watkins  Point,  situate  upon  the  bay  aforesaid,  near  the  river  Wighco  on  the  west 
unto  the  main  ocean  on  the  east,  and  between  that  boundary  on  the  south  unto  that 
part  of  the  Bay  of  Delaware  on  tlie  north,  which  lieth  under  the  fortieth  degree  of 
north  latitude  from  the  equinoctial,  where  Now  England  is  terminated;  and  all  the 
tract  of  that  land  within  the  metes  underwritten  (that  is  to  say),  passing  from  the 
said  bay,  called  Delaware  Bay,  in  a  right  line,  by  the  degree  aforesaid,  unto  the  true 
meridian  of  the  first  fountain  of  the  River  Pattowmack;     »     «     • 

In  all  of  these  successive  grants  we  notice  a  gradual  reduction  of  the 
areas  originally  so  lavishly  distributed  by  English  royalty. 

By  the  Plymouth  charter  of  1620  Virginia  lost  avast  territory,  which 
included  the  present  New  England  States,  New  York,  New  Jersey,  and 
the  greater  part  of  Pennsylvania,  not  to  mention  Canada  and  tlie  great 
west.  Next,  by  the  charter  of  1032,  Caecilius  Calvert  obtained  another 
considerable  portion  of  the  imperial  domain  once  included  within  the 
confines  of  Virginia. 
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So,  when  we  find,  as  we  sliall  a  little  later,  that  the  barons  of  Balti- 
more themselves  sufi*ered  a  half  century  afterwards  from  this  same 
trimmiug  process,  applied  for  the  benefit  of  newer  colonists  on  the 
Delaware,  it  will  seem  that  perhaps  they  had  little  reason  to  complain 
on  grounds  of  equity,  however  seriously  the  subsequent  grants  to 
James,  Duke  of  York,  and  to  William  Penn  may  have  infringed  upon 
the  letter  of  the  Maryland  charter,  though  legally  the  King  might 
divide  Virginia,  as  being  a  royal  colony  at  the  time. 

The  Calverts  do  not  seem  to  have  appreciated,  until  it  was  too  late, 
the  x>ossible  importance  of  the  Delawai'e  coast  of  the  peninsula,  and 
made  no  attempt  to  plant  settlements  there.  Had  they  done  so,  it  is 
not  at  all  likely  that  there  would  be  any  State  of  Delaware  to-day. 
They  preferred  to  plant  their  new  colony  on  the  shores  of  Chesapeake 
Bay. 

But  the  English  were  not  alone  in  their  attempts  at  colonization  on 
this  coast.  As  we  have  already  seen,  the  Dutch  had  made  an  abortive 
attempt  at  colonizing  the  Lower  Delaware  and  were  firmly  seated  on 
the  Hudson  or  North  Eiver.  They  had  also  a  trading  post  called  Fort 
Nassau  on  the  eastern  bank  of  the  Delaware,  near  the  present  site  of 
Gloucester,  N.  J. 

The  Swedish  nation,  then  in  the  height  of  its  power  under  the  great 
King  Gustavus  Adolphus,  also  felt  the  influence  of  the  fever  for  colonial 
Aggrundizemeut  which  in  the  first  half  of  the  seventeenth  century 
seems  to  have  swept  over  northern  Europe.  Considerable  preparations 
were  made  in  1627  for  a  Swedish  colony  on  the  Delaware,  but  for  some 
reason  the  project  was  not  then  carried  into  execution. 

A  few  years  later,  however,  in  the  reign  of  the  infant  queen,  Chris- 
tina, the  plan  was  again  taken  up  by  the  celebrated  Chancellor  Oxen- 
stiern,  and  in  the  year  1638  a  Swedish  expedition  sailed  into  Delaware 
Bay.  The  commander  was  Peter  Minuit  (or  Menewe),  a  Hollander, 
who  had  previously  served  the  Dutch  West  India  Company  in  America. 
The  Swedes  at  once  purchased  from  the  Indians  the  whole  west  bank 
of  the  Delaware  from  Cape  Henlopen  to  Trenton  Falls.  A  part  of 
their  territory  was  included  within  the  former  purchase  by  Godyn,  so 
swiftly  abrogated  by  the  massacre  at  Swaanendael.  The  whole  of  it 
was  also  included  in  the  territory  claimed  by  the  English  by  right  of 
discovery  and  disposed  of  by  the  grants  to  the  London  and  Plymouth 
colonies  and  to  Lord  Baltimore.  The  English,  however,  had  tolerated 
the  Dutch  settlements  within  the  charter  limits  of  New  England,  and 
the  Swedes  claimed  that  King  Charles  I  had  renounced  in  their  favor, 
in  1634,  any  claims  that  England  might  have  to  that  country  by  right 
of  discovery.  Even  if  this  be  so,  it  can  hardly  be  supposed  that  King 
Charles  meant  to  include  in  any  such  renunciation  the  territory  of 
Maryland  granted  only  two  years  before  to  his  faithful  servant,  Lord 
Baltimore.  Tliis  claim  on  the  part  of  the  Swedes  affords  another 
proof  that  neither  they  nor  the  English  then  I'ecognized  any  right  of 
the  Dutch  to  the  western  bank  of  Delaware  liiver  and  Bay. 
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The  newcomers  selectecl  a  site  about  where  Wilmington  now  stands 
and  built  themselves  a  fort,  which  they  named  Christina,  after  the  little 
Queen  of  Sweden.  They  also  named  the  little  river  before  them  the 
Christina  Kihl^  a  name  still  retained  in  the  slightly  altered  Christiana 
Creek. 

The  Dutch  governor  of  New  Amsterdam,  who  claimed  the  country 
between  the  Connecticut  and  the  Delaware,  immediately  protested 
against  the  Swedish  settlement  as  an  interference  w  ith  the  rights  of 
the  Dutch  West  India  Company.  The  Dutch  were  too  w^eak,  however, 
to  offer  forcible  resistance,  and  for  nearly  twenty  years  the  Swedish 
settlements  grew  and  prospered.  But  as  their  numbers  and  trade 
increased  the  friction  between  the  Swedes  on  the  western  and  the 
Dutch  on  the  eastern  bank  of  the  Delaware  became  constantly  greater, 
each  colony  trying  to  monopolize  the  navigation  of  the  river.  In  retal- 
iation for  the  Swedish  pretensions,  the  Dutc^h,  in  1651,  repurchased  from 
some  of  the  Indians  part  of  the  Swedish  territory  below  Wilmington 
and  built  a  post,  which  they  called  Fort  Casiinir,  where  Newcastle  now 
stands.  The  Swedes,  m  their  turn,  crossed  the  Jersey  shore,  then  part 
of  New  Netherlands,  and  built  Port  Elfsborg,  about  7  miles  below  Fort 
Casimir.  The  Swedes  were  driven  out  of  this  place,  however,  by  the 
swarms  of  mosquitoes  which  made  life  almost  unendurable. 

In  1654  a  new  Swedish  governor,  John  Claudius  Rising,  arrived  in 
the  Delaware  with  a  considerable  number  of  colonists.  One  of  his  first 
acts  was  to  compel  the  surrender  of  the  Dutch  at  Fort  Casimir,  which 
he  renamed  the  Fort  of  the  Holy  Trinity,  on  account  of  its  having  been 
captured  on  Trinity  Sunday.  The  Dutch  made  no  immediate  reprisals, 
but  hjiving  made  thorough  preparations  they  appeared  in  the  Dela- 
ware at  the  eml  of  August,  1655,  under  the  redoubtable  Governor  Peter 
Stuyvesant. 

Their  force  of  seven  vessels  and  more  than  600  armed  men  was  more 
than  a  match  for  the  Swedes,  and  landing  between  the  Fort  of  the  Holy 
Trinity  and  Fort  Christina  they  blocked  communication  between  the 
two  posts  and  reduced  them  in  succession  without  any  bloodshed. 
Thus  the  Swedish  claims,  such  as  they  were,  i)assed  by  conquest  to  the 
DuUih,  who  also  claimed  that  the  old  purchase  of  the  Hoornkill  tract 
gave  them  title  to  the  whole  west  bank,  though  that  purchase  was  for 
only  30  miles  of  coast  at  Cape  Henlopen. 

But  this  conquest  of  the  Swedes  and  the  subsequent  increase  of  the 
Dutch  power  on  the  Delaware  alarmed  the  Lord  Proprietor  of  Mary- 
land* who  seems  to  have  jiaid  little  heed  to  the  Swedish  settlers,  prob- 
ably deeming  them  easy  to  subject  to  his  dominion  in  due  course  of 
time. 

In  1659  Lord  Baltimore  sent  instructions  to  Maryland  calling  for  an 
inquiry  into  the  proceedings  of  the  Dutch.  A  deputation  was  accord- 
ingly sent  from  Maryland  to  New  Amstel,  as  Newcastle  was  then  called, 
to  notify  the  Dutch  that  they  were  unlawfully  seated  withia  tUa^x«v;Sx^^«^ 
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of  his  lordship.  The  Dutch  officials  paid  little  heed  to  the  complaints 
of  Lord  Baltimore's  envoys,  unbacked  as  they  were  by  military  force, 
though  the  spokesman  of  the  party,  Col.  Nathaniel  Utie,  is  said  to 
have  delivered  his  message  "in  a  pretty  harsh  and  bitter  manner;''  and 
the  embassy  came  to  nothing.  Still  the  Dutch  seem  to  have  been  some- 
what alarmed  at  Utie's  proceedings,  and  sent  messengers  to  Governor 
Stuyvesant  to  inform  him  of  the  demands  of  Lord  Baltimore.  Stny- 
vesant  thereupon  sent  Augustine  llermen  and  Rosevelt  Waldron  to  the 
authorities  of  Maryland  to  try  to  arrange  the  matter.  These  Dutch 
ambassadors,  upon  being  shown  the  charter  of  1632,  immediately  caught 
at  the  phrase  "hactenus  inculta'-  in  the  preamble  thereof  and  at  once 
claimed  that  the  charter  specified  that  the  lands  granted  to  Lord  Balti- 
more were  only  such  as  were  then  uncultivated  and  inhabited  only  by 
certain  tribes  of  savage  Indians,  and  that  the  Dutch  settlements  on 
the  Delaware  antedated  the  clijirter. 

Here  for  the  flrst  time  attention  was  called  to  this  weak  point  of 
Lord  Baltimore's  charter  and  the  argument  advanced  which  was  later 
used  with  such  persistence  to  tear  the  Delaware  shore  from  Maryland. 
This  matter  will  be  further  discussed  in  connection  with  the  grants  to 
William  Penn. 

The  negotiations  having  come  to  nothing,  Lord  Baltimore  complained 
to  the  Dutch  West  India  Company,  in  Kurope,  of  the  invasion  of  his 
dominions  by  the  servants  of  the  company.  But  this  wealthy  and 
powerful  society,  feeling  secure  in  the  armed  forces  with  which  it  occu 
pied  its  settlements,  took  no  notice  of  su(;h  appeals,  and  Baltimore, 
perhaps  feeling  that  the  logic  of  events  at  least  was  against  him,  seems 
to  have  made  little  effort,  except  occasional  futile  remonstrances,  to 
clear  his  territory  of  the  intruders.  Mattt*rs  thus  remained  for  several 
years,  neither  side  acknowledging  the  justice  of  the  others  claims. 

But  in  1004,  as  if  in  commentary  on  the  theory  that  England  recog- 
nized a  trifling  Dutch  settlement  as  a  bar  to  an  English  grant.  King 
Charles  II  granted  to  his  brother,  the  Duke  of  York,  all  the  territory 
between  the  Connecticut  and  Delaware  rivers,  although  this  region 
had  been  in  the  hands  of  the  Dutch  for  more  than  fifty  years  and 
although  the  two  nations  were  then  at  peace. 

The  Duke  at  once  organized  an  expe<lition,  which  was  entirely  suc- 
cessful in  its  results,  and  New  Netherlands  became  an  English  prov- 
ince under  the  name  of  New  York. 

The  Duke  of  York's  grant  was  only  to  the  east  bank  of  the  Dela\\tare, 
and  in  that  same  year,  10(>4,  he  granted  to  Lord  »Iohn  Berkley  and 
Sir  George  Carteret  the  whole  of  New  Jersey,  so  that  his  i)roper  terri- 
tory did  not  extend  south  of  New  Y'ork. 

But  by  virtue  of  the  coufjuest  of  the  Dutch  provinces  generally  the 
agents  of  the  Duke  appear  to  have  exerc'ised  a  sort  of  quasi  jurisdiction 
over  the  Dutch  settlements  west  of  the  Delaware. 

It  does  not  appear  that  Lord  Baltimore  protested  against  this  state 
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of  affairs,  and  it  has  been  aUeged  that  he  forfeited  his  rights  by  such 
omission. 

It  is  more  likely,  however,  that  he  was  governed  by  motives  of  pru- 
dence and  policy.  He  was  no  longer  a  favorite  at  court,  and  he  may 
easily  have  surmised  that  he  would  fare  ill,  no  matter  how  just  his 
cause,  in  a  controversy  with  a  royal  duke,  the  heir  presumptive  to  the 
throne.  At  all  events,  he  seems  to  have  held  amicable  intercourse  for 
several  years  with  his  new  neighbors  on  the  Delaware. 

But  in  1673  the  Dutch  reconquered  the  province,  and  during  the 
brief  period  of  their  rule,  which  lasted  less  than  a  year  and  a  half,  the 
Maryland  authorities  seized  the  opportunity  to  assert  their  territorial 
rights,  and  for  that  purpose  sent  an  armed  force  against  the  settlement 
at  Hoornkill,  which  had  been  reestablished  by  the  Dutch. 

In  spite  of  this  more  formidable  expedition  no  good  results  seem  to 
have  come  t6  Lord  Baltimore. 

In  1674  the  New  Netherlands  were  aijain  surrendered  to  the  English 
by  the  treaty  of  Westminster.  The  Duke  of  York,  to  perfect  his  title, 
obtained  a  new  grant  from  the  King  for  his  former  territories,  and  the 
western  shore  of  the  Delaware  seems  to  have  been  considered  his  prop- 
erty by  all  but  the  Marylanders.  And  at  this  point  we  approach  the 
origin  of  the  boundary  which  is  the  subject  of  this  sketch,  a  line  of 
demarcation  which  was  first  formulated  in  the  latter  part  of  the  seven- 
teenth century,  and  which,  after  two  hundred  years  of  uncertainty  and 
misconception,  has  at  last  been  marked  by  enduring  monuments  in  this 
last  decade  of  the  nineteenth  century.  On  March  4, 1681,  King  Charles 
II  granted  to  William  Penn  a  tract  of  land  to  the  westward  of  the  Dela- 
ware and  to  the  northward  of  Maryland.  This  grant  was  in  partial  pay- 
ment of  claims  against  the  Crown  which  Penn  had  inherited  from  his 
father,  Admiral  Penn.  The  negotiations  preliminary  to  the  issue  of  this 
charter  were  very  piotriwited,  extending  over  several  months,  for  the 
English  Government  had  begun  to  realize  the  difficulties  which  might 
arise  from  the  large  and  rather  indefinite  grants  which  had  been  so 
common.  Besides,  it  was  known  that  the  new  province  tor  which  Penn 
asked  a  charter  was  likely  to  interfere  to  some  extent  with  the  territorial 
rights  of  the  Duke  of  York  and  of  Lord  Baltimore. 

And  yet,  curiously  enough,  in  view  of  all  this  care,  the  contlict  over 
the  boundaries  of  Penn's  territory  was  more  bitter  and  more  pro- 
tracted than  any  other  similar  trouble  in  the  English  colonies. 

So  it  was  ordered  that  the  Duke  and  the  Lord  Proprietor  should  be 
consulted. 

Lord  Baltimore  had  no  objections  to  a  grant  of  land  to  Penn  so  long 
as  his  northern  boundary  of  the  fortieth  parallel  was  respected,  and 
the  Duke  of  York  expressed  his  willingness  to  yield  his  claims  to  the 
almost  unsettled  shore  of  the  upper  Delaware  provided  he  should  have 
reserved  to  himself  a  sufficient  distance  between  his  town  of  Newcjn^tle 
and  the  boundary  of  the  new  province.  He  suggested  that  2ft  \s\>\si3^ 
would  be  a  convenient  and  suitable  d\^t»uee. 
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Penn,  however,  was  reluctant  to  be  pushed  so  far  up  the  Delaware, 
and  upon  his  urgent  representations  to  the  Duke  a  distance  of  12  miles 
was  finally  agreed  upon.  At  that  time  it  was  thought  that  the  fortieth 
parallel  crossed  the  Delaware  between  Newcastle  and  Chester  (then 
called  Upland),  and  it  was  therefore  decided  that  the  southern  boundary 
of  Pennsylvania  should  follow  a  circular  curve,  at  12  miles  distance 
from  Newcastle,  northward  and  westward  from  the  river  Delaware,  until 
it  came  to  the  fortieth  parallel,  and  that  it  should  then  follow  that  par- 
allel westward  to  its  limit  of  longitude.  This  description,  which  was 
soon  found  to  be  an  impossible  one,  is  thus  expressed  in  the  charter: 

*  *  *  and  the  said  Lands  to  bee  hoanded  on  the  "  *  *  South  by  a  Circle 
drawneat  twelve  miles  distance  from  New  Castle  Northward  and  Westward  nnto  the 
beginning  of  the  fortieth  degree  of  Northern  Latitude,  and  thence  by  a  straight  line 
Westward  to  the  Limit  of  Longitnde  above  mentioned. 

As  a  matter  of  facrt,  the  most  northern  part  of  a  circle  of  12  miles 
radius  from  Newcastle  court-house  is  almost  exactly  on  the  parallel  of 
390  50'  north  latitude,  and  it  could,  therefore,  never  intersect  the  par- 
aUel  of  40O. 

We  here  find  the  first  mention  of  this  singular  boundary  line,  almost 
unique  in  its  circular  shape.  It  is  probable  that  both  Penn  and  the 
Duke  of  York  thought  that  this  circular  boundary  between  their  domin- 
ions would  soon  strike  the  fortieth  parallel  and  hence  would  be  of 
small  extent,  and  it  is  hardly  likely  that  either  of  them  then  thought 
that  it  would  afterwards  play  so  important  a  part  in  the  location  of  the 
boundary  between  Maryland  and  Pennsylvania. 

After  granting  the  charter  to  Penn,  the  King  commanded  him  and 
Lord  Baltimore  to  arrange  their  boundary. 

Accordingly  Lord  Baltimore  met  Penn's  kinsman  and  deputy,  Mark- 
ham,  at  Upland,  in  September,  1681,  when  it  was  found  by  a  precise 
observation  that  the  fortieth  parallel  was  several  miles  north  of  Upland, 
instead  of  being  somewhat  to  the  south  of  it,  as  formerly  supposed. 
No  doubt  both  parties  were  somewhat  surprised,  but  Lord  Baltimore  at 
once  claimed  the  land  to  his  charter  limit  of  forty  degrees,  wherever  it 
might  lie. 

Markham,  on  the  other  hand,  declined  to  proceed  with  the  delimita- 
tion of  the  pro^inces  and  reported  the  disapi)ointing  state  of  affairs  to 
Penn,  who  was  still  in  England.  This  news  made  Penn,  who  had  all 
along  been  dissatisfied  with  his  province  as  being  too  difficult  of  access, 
still  more  anxious  to  secure  control  of  the  shore  of  the  lower  Delaware. 
He  therefore  importuned  the  Duke  of  York  for  the  transfer  to  himself 
of  the  Duke's  claims  on  that  region.  This  land  had  never  been  granted 
to  the  Duke,  and  his  possession  was  only  a  sort  of  "squatter  sov- 
ereignty." 

As  a  historical  writer  has  recently  expressed  it,  "Penn  asked  for  that 
which  he  knew  to  be  within  the  boundaries  of  Maryland,  and  beyond 
the  power  of  the  Duke  to  grant."    Penn  had  a  great  influence  with 
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both  the  Duke  of  York  and  the  King  on  account  of  the  services  of  his 
father,  Admiral  PeTin,  under  the  Duke  himself,  in  the  naval  wars  with 
the  Dutch.    Lord  Baltimore  therefore  had  heavy  odds  against  him. 

Probably  with  the  idea  of  strengthening  his  own  claims  by  bolster- 
ing tbe  Duke's  shadowy  title,  Penn  obtained  from  York  a  quitclaim 
deed,  dated  August  21,  1682,  relinquishing  to  Penn  any  claim  which 
the  Duke  might  have  to  the  province  of  Pennsylvania. 

It  is  worthy  of  note  that  Penn  had  been  contented  with  his  title 
under  the  charter  of  March  4, 1681,  until,  on  the  eve  of  bargaining  with 
tiie  Duke  for  i)art  of  Lord  Baltimore's  territory,  he  suddenly  perceived 
that  his  own  title  was  defective  through  the  Duke's  claims.  Three  days 
later,  August  24, 1682,  the  Duke  gave  Penn  two  deeds  of  feoftment  for 
the  Delaware  shore.  The  first  of  these  conveyed  the  town  of  New- 
castle and  a  12-mile  circle  around  the  same.  The  second  conveyed  all 
the  lands  south  of  that  circle  as  far  as  Cape  Henlopen. 

Much  doubt  seems  to  have  existed,  however,  as  to  Penn's  legal  rights 
under  these  deeds.  The  Duke  had  no  title  of  record.  His  deeds  to  Penn 
were  never  confirmed  by  King  Charles,  who  died  soon  afterwards,  nor 
by  King  James  himself  during  his  short  and  troubled  reign.  Much 
difficulty  was  therefore  experienced  by  Penn's  agents  in  the  collection 
of  rents. 

After  arranging  these  matters  Penn  sailed  from  England  to  visit  his 
province.  lie  arrived  at  the  Cai)es  on  October  24,  1682  (O.  S.),  and 
first  landed  at  Newcastle,  afterwards  going  to  Upland,  now  Chester. 

For  nearly  twenty  years  after  the  organization  of  the. new  govern- 
ment the  lawmaking  body  was  a  joint  assembly  for  the  province  of 
Pennsylvania  and  the  '*  territories "  of  *' three  lower  counties  on  the 
Delaware.'^  But  dissensions  arose  between  the  united  provinces^  and 
upon  tlie  revision  by  Penn  in  1701  of  the  charter  of  government  granted 
by  him  the  territories  insisted  so  strongly  ui>on  a  separate  assembly 
that  Penn  was  obliged  to  yield  to  their  wishes. 

In  this  same  year,  1701,  and  perhaps  in  consequence  of  this  legisla- 
tive division  of  the  i)rovinces,  tlie  circular  boundary  line  between 
Chester  and  Newcastle  counties  was  run  out  upon  the  ground  under  a 
warrant  from  Penn.  The  work  was  done  by  Isaac  Tailer,  of  Chester 
County,  and  Thomas  J^ierson,  of  Newcastle  County,  under  the  direction 
of  the  county  officials,  in  November,  1701.  Their  method  of  work  is 
described  in  their  field  notes,  which  are  in  the  possession  of  the  Histor- 
ical Society  of  I*ennsylvania. 

According  to  their  record,  they  began  work  at  ''the  end  of  the  horse 
dike"  at  Newcastle  and  ran  a  traverse  to  the  northward  with  compass 
and  chain  until  they  reached  a  point  which,  from  their  computations, 
they  supposed  to  be  exactly  12  miles  north  of  their  starting  point.  Hy 
some  mistake,  however,  they  came  out  a  mile  or  more  too  far  to  the  west 
and  about  2,000  feet  too  far  from  Newcastle.  The  excess  in  distance 
may  have  been  due  to  their  chain  being  too  long,  though  the  size  of  the 
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error  (2  feet  to  each  chain)  seeuis  unlikely.  Tlijs  supposition  is  further 
.  borne  out  by  the  fact  that  the  curve  actually  ruu  out  by  them  had,  as 
nearly  as  can  be  ascertained,  a  radius  of  about  13  miles  instead  of  12,  as 
should  have  been  the  case.  The  excess  of  westing  might  be  accounted 
for  by  supi)osing  that  they  used  the  magnetic  meridian  as  their  standard 
instead  of  the  true  north,  but  the  declination  of  8^  ,30'  west,  observed  at 
Philadelphia  in  1701,  would  have  carried  them  a  hjilf  mile  or  more  still 
farther  to  the  west.  It  is  very  likely  that  their  compass  needle  was  a 
poor  one  and  that  it  was  much  aftected  by  local  attraction,  whi(rh  is  very 
noticeable  in  the  vicinity  of  the  Brandywine.  The  extremity  of  the 
radius  so  determined  fell  upon  land  then  occui)ied  by  a  certain  Israel 
Helm  and  now  owned  by  one  (loodley,  in  a  peculiar  bend  formed  by 
Brandywine  Creek.  Tailer  and  JMerson  found  there  a  white  oak  tree, 
which  they  marked  with  twelve  notches.  They  next  laid  off  a  line  at 
right  angles  to  their  supposed  true  radius  and  marked  on  it  the  distance 
corresponding  to  the  chord  of  1  degree  of  a  circle  of  12  miles  radius. 
This  distance  they  computed  to  be  07  i)erches,  a  value  sutticiently  pre- 
cise for  their  puri)ose  (more  exactly,  67.018),  but  if,  as  seems  likely,  these 
measurements  also  overran,  their  chords  were  i)rol)ably  08  or  09  perches 
in  length. 

One-half  of  this  chord  was  laid  off  on  the  east  side  of  their  radius 
and  the  other  half  to  the  west.  Then,  starting  from  the  eastern  end  of 
the  first  chord,  they  ran  the  curve  to  the  Delaware  lliverby  succes- 
sive chords  of  07  perches,  making  a  uniform  detiection  to  the  right 
of  1  degree  by  compass  at  the  end  of  each  chord.  Forty  three  chords 
brought  them  to  the  Delaware,  where  they  fimnd  that  their  line  struck 
the  north  side  of  a  house  close  to  the  shore,  then  occupied  by  oiio  Daniel 
Lamplugh. 

The  surveyors  then  retraced  their  steps  to  the  farm  of  Israel  Helm 
and  in  a  precisely  similar  manner  ran  their  curve  to  the  westward  from 
the  first  chord  until  they  had  completed  77  chords,  which,  together  with 
the  43  chords  east  of  their  starting  i)oint,  made  up  the  total  of  120 
chords,  or  "two-thirds  of  a  semicircle,'-  called  for  by  their  instructions. 
They  note  that  their  line  ended  at  a  stream,  a  branch  of  Christiana 
Creek,  and  that  they  "well  marked"  a  hickory  tree.  This  i)oint  can 
no  longer  be  identified,  but  it  was  most  likely  in  the  present  State  of 
Maryland,  to  the  westward  or  northwestward  of  the  "triangular  stone" 
on  the  boundary  between  Delaware  and  Maryland.  The  strciim  referred 
to  was  probably  one  called  Persimmon  Creek  on  some  recent  maps. 
The  course  of  the  boundary  line  was  indicated  by  notches  cut  in  trees 
near  which  it  ran. 

It  will  be  noticed  that  this  boundary  laid  out  by  William  Tenn  between 
two  x)ortions  of  his  domain  has  no  connection  and  little  apparent  rela- 
tion to  the  boundary  between  the  lands  of  Penn  and  those  of  Lord 
Baltimore,  though  subsequently  complicated  and  confounded  with  the 
surveys  of  the  latter  line. 
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Altboiigh  the  line  had  been  run  out,  little  beed  seems  to  have  been 
given  to  it  in  the  issue  of  patents  for  land.  Over  some  small  part  of 
the  boundary  east  of  the  Brandy  wine  the  patent  lines  were  made  to 
conform  to  the  circular  boundary,  nominally  at  least,  though  it  is  notice- 
able that  the  old  deeds  pay  no  regard  to  the  curvature  of  the  line.  The 
description  of  the  bounds  usually  states  that  the  line  runs  on  a  certain 
course  a  specified  number  of  perches  ''along  the  circular  boundary." 

Except  in  this  one  district  the  land  patents  pass  over  the  boundary 
without  reference  to  it. 

So  for  years  and  generations  this  line  slumbered  in  obscurity,  per- 
petuated for  a  time  in  local  memory  and  tradition  by  reference  to  oak 
or  hickory  trees  blazed  or  notched  by  the  surveyors  or  by  fences  which 
some  settler  had  built,  as  he  supposed,  upon  the  line.  But  year  by 
year  these  witness  marks  decayed  and  passed  from  sight,  until  their 
very  location  became  uncertain  and  until  it  has  come  to  pass  that  at 
the  present  time  the  tolerably  authentic  relics  of  the  old  survey  may  be 
counted  upon  the  fingers  of  one  hand. 

Meanwhile  a  far  more  troublesome  question  of  boundary  lines  was 
arising  from  the  confiicting  claims  of  William  Penn  and  Lord  Baltimore 
to  the  fertile  fields  of  the  peninsula  and  the  valley  of  the  Susquehanna. 
Grants  were  given  by  both  sides  to  lands  in  the  disputed  territory,  and 
for  many  years  the  border  was  the  scene  of  disputation  and  of  conflict 
carried  at  times  to  the  verge  of  open  war.  If  Baltimore  had  the  better 
title,  Penn  had  the  greater  influence  at  court,  and  moreover  held  pos- 
session of  a  large  tract  claimed  by  Baltimore. 

Several  efforts  were  made  by  the  proprietors  to  come  to  some  agree- 
ment in  this  matter,  but  for  one  reason  or  another  the  negotiations 
repeatedly  miwscarried. 

As  early  as  lOS.")  Penn  had  succeeded  in  obtaining  from  the  comnjittee 
of  trade  and  plantations,  to  which  the  matter  had  been  referred  by  the 
King  in  council,  an  order  that  the  peninsula  should  be  divided  between 
him  and  Calvert  to  the  northward  of  a  line  running  west  from  Cape 
Ilenlopen. 

In  presenting  his  case  before  the  committee,  we  find  Penn  very 
shrewdly  and  skillfully  availing  himself  of  the  Dutch  claims  through 
the  early  settlement  by  De  Vries  at  the  Hoomkill  to  support  his  own 
title  obtained  from  the  Duke  of  York  and  derived  from  the  latter's 
conquest  of  the  Dutch  settlements. 

In  Lord  Baltimore's  charter  of  1032  the  descriptive  phrase  "hactenus 
inculta"  (heretofore  uncultivated)  is  applied  to  the  territory  so  granted. 
This  expression,  found  only  in  the  preamble,  was  no  doubt  inserted 
merely  to  denote  that  the  part  of  Virginia  conveyed  to  Lord  Baltimore 
had  not  been  settled  as  part  of  that  colony.  It  seems  clear  that  it  was 
not  intended  to  imi)ose  a  condition,  for  it  was  not  repeated  in  the  body 
of  the  charter,  and  it  was  not  held  to  substantiate  the  seemingly  valid 
claims  of  William  Claiborne,  who  wa«  actually  settled  ou  KftjG.\*\.^^xs.^ 
at  the  time  of  the  grant. 
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It  is  certaiuly  hardly  supposable  that  King  Charles  I  intended  to 
to  recognize  any  prior  claim  of  a  feeble  Dutch  settlement  located  on 
territory  claimed  by  England  by  right  of  discovery  and  conquered  later 
by  force  of  arms.  And  even  if  this  unlikely  supposition  were  true,  the 
lands  exempted  under  the  words  "hactenus  inculta"  could  only  be 
those  of  the  actual  settlement  and  could  hardly  be  extended  to  cover 
the  present  State  of  Delaware. 

But,  justly  or  unjustly,  Penn,  who  was  high  in  favor,  prevailed  over 
Lord  Baltimore,  who  found  it  prudent  to  yieUl  for  a  time  lest  worse 
evils  should  befall  him. 

And  thus  we  see  the  little  village  of  Swaanendael,  so  soon  swept 
away  in  fire  and  blood,  rising  from  its  ashes  to  sever  the  Delaware 
shore  from  Marvland. 

But  though  Lord  Baltimore  submitted,  he  made  no  haste  to  carry  out 
the  order,  and  before  anything  had  been  done  the  revolution  which 
drove  King  James  from  the  throne  also  overturned  the  proprietary 
governments  of  Maryland  and  Pennsylvania. 

The  latter  was  soon  restored  to  Penn,  but  Maryland  remained  a 
Crown  province  till  1716. 

When  Queen  Anne  succeeded  to  the  throne,  Penn  managed  to  obtain 
an  order  in  council  for  the  enforcement  of  the  decision  of  1685.  This 
was  in  1708;  but  nothing  was  done  toward  carrying  out  this  order, 
and  in  1718  Penn  <lied,  leaving  the  dispute  to  his  heirs. 

The  matter  dragged  along  till  1732,  when  the  heirs  of  Penn  and  the 
Lord  Baltimore  of  that  day  joined  in  a  deed  to  settle  their  boundaries. 
This  called  for  a  line  running  due  west  across  the  peninsula  from  Cape 
Henlopen,  from  the  exact  middle  of  which  line  a  second  line  sh<mld 
be  drawn  to  the  northward  in  such  a  manner  as  to  be  tangent  to  a 
circle  drawn  V2  miles  from  Newcastle.  From  the  tangent  point  a  due 
north  line  was  to  be  drawn,  reaching  to  within  15  miles  from  Philadel- 
phia, and  from  the  terminus  of  this  line  the  boundary  to  the  westward 
should  be  a  parallel  of  latitude.  It  was  further  stipulated  that  New- 
castle County  should  in  any  event  have  the  full  area  included  within 
the  12.mile  circle,  even  if  part  of  it  lay  to  the  westward  of  the  due-north 
line  from  the  tangent  point. 

Tliis  proviso  seems  to  have  been  added  on  account  of  the  lack  of 
information  as  to  the  direction  which  the  tangent  line  was  likely  to 
take  and  for  fear  that  the  meridian  line  might  seriously  curtail  the  area 
of  the  circle.  TLad  the  i)artie8  to  the  deed  known,  as  we  know  at  pres- 
ent, that  the  segment  of  the  circle  west  of  the  meridian  line  from  the 
tangent  point  contains  less  than  14  acres,  as  the  lines  were  marked  on 
the  ground,  they  might  have  concluded  that  so  small  an  area  was 
hardly  worth  considering  and  we  might  have  been  spared  one  com]>li- 
cation  in  this  historic  interstate  houndary. 

But  though  matters  thus  seemed  settled,  this  was  really  far  from 
being  the  case.    Difficulties  and  disputes  arose  as  to  carrying  out  ui)on 
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the  ground  the  provisions  of  the  deed.  Tlie  qnestion  as  to  the  proper 
point  in  Newcastle  which  shouhl  be  taken  for  the  center  of  the  12-inile 
circle  occasioned  long  debate.  One  rather  quaint  solution  was  the 
suggestion  that  this  point  should  be  the  center  of  gravity  of  a  paper 
plat  of  the  town,  the  center  of  gravity  having  been  found  by  experi- 
ment by  balancing  the  plat  on  a  pin. 

Lord  Baltimore's  friends  insisted  on  the  absurd  theory  that  the  "12 
miles''  meant  the  periphery  of  the  circle,  while  the  Penns,  of  course, 
claimed  that  length  of  radius.  A  dispute  also  arose  as  to  the  true 
location  of  Cape  Henlopen,  as  intended  in  the  deed. 

In  consequence  of  all  these  difficulties  nothing  was  done  to  carry  out 
the  deed.    , 

The  next  move  was  made  by  Lord  Baltimore,  who,  in  spite  of  his  own 
deed  of  1732,  applied  to  King  George  II  for  a  grant  to  confirm  his  title 
according  to  the  original  charter  of  1632.  Naturally  enough,  this  was 
refused  by  the  King,  and  the  matter  was  thrown  into  the  court  of 
chancery.  In  1750  Lord  Chancellor  Hardwicke  decided  in  favor  of  the 
Penns  on  every  point  of  dispute,  ruling  that  the  center  of  the  circle 
must  be  the  middle  of  Newcastle  as  nearly  as  that  point  could  be  ascer- 
tained, that  the  "12  miles''  meant  the  radius  of  the  circle,  and  that  the 
true  Cape  Henlopen  was  not  the  southern  point  of  Delaware  Bay,  but 
the  point  claimed  by  the  Penns,  about  25  miles  farther  south  and  now 
called  Fenwicks  Island.  This  last  decision  seems  rather  a  strange  one, 
for  though  it  appears  that  there  was  some  confusion  of  usage  among 
the  Swedes  and  the  English  of  the  name  "Henlopen,"  the  present  cape 
of  that  name  seems  to  be  clearly  indicated  in  William  Penn's  deed  from 
the  Duke  of  York,  which  reads  thus: 

*  *  *  AH  that  tract  of  land  upon  Delaware  river  and  bay,  beginning  twelve 
miles  south  from  the  town  of  New  Castle,  otherwiso  cjilied  Delaware,  and  extending 
south  to  the  Whore-kills,  otherwise  called  Cape  Henlopen.     *     •     * 

William  Penu  himself  seems  to  recognize  this  limit  in  his  ^'Act  of 
Union"  of  December  7,  1C82,  where  he  describes  the  "territories"  as — 

All  thut  tract  of  land,  from  twelve  miles  northward  of  New  Castle,  on  the  river 
Delaware,  down  to  the  south-cape,  commonly  called  Cape  Henlopen,  and  by  the 
Proprietary  and  Governor  now  called  Cape  James,  lying  on  the  west  side  of  the  said 
river  and  bay    •     *     * 

But  even  the  decree  of  Lord  Hardwicke  did  not  end  the  interminable 
controversy.  It  would  almost  seem  that  Lord  Baltimore  and  his 
friends,  despairing  of  obtaining  what  they  no  doubt  considered  their 
just  rights,  hiul  set  about  making  all  possible  trouble  for  their  success- 
ful opponents,  even  at  the  cost  of  time,  money,  and  good  repute  to 
themselves. 

In  order  to  lessen  as  much  as  possible  the  amount  of  territory  which 
must  be  yielded  to  the  Penns,  Lord  Baltimore's  i^artisans  contended 
that  the  12  miles  should  be  measured  u|>on  the  surface  of  the  ground 
and  not  horizontally.    Another  appeal  was  made  to  the  lord  chancellor^ 
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and  in  Marcb,  1751,  he  ordered  that  horizontal  measurements  should 
be  employed. 

After  this  decision  by  the  lord  chancellor  it  appears  that  the  loca- 
tion of  the  boundaries  was  begun  by  commissioners  and  surveyors 
appointed  for  that  purpose.  The  "base  line,"  or  east  and  west  line, 
acrosH  the  peninsula  was  laid  out  and  measured.  For  this  pnrpose  a 
gap,  or  "visto,'  as  the  old  records  have  it,  was  cut  through  the  forest. 
The  line  was  ranged  out  by  poles  set  up  in  the  "  visto,-'  and  the  dis- 
tances were  measured  with  a  Gunter's  chain  GO  feet  long,  which  was 
kept  as  nearly  horizontal  as  possible.  The  whole  length  of  this  "base 
line"  was  found  to  be  69  miles  and  298  perches,  a  valne  probably  about 
a  mile  and  a  quarter  greater  than  the  real  distance. 

But  at  the  distance  of  GG  miles  and  24J  perches  from  the  eastern  end 
of  the  line  the  surveyors  came  to  the  shore  of  Slaughters  Creek,  a 
branch  of  the  Hudson  or  Little  Choptank  Eiver,  separating  Taylors 
Island  from  the  peninsula. 

Lord  Baltimore's  commissioners  at  once  raised  another  question. 
Evidently  the  shorter  they  could  make  the  base  line  the  farther  to  the 
east  would  its  middle  point  fall  and  the  smaller  would  be  the  territory 
yielded  by  Maryland  to  Pennsylvania.  So  the  Marylanders  claimed 
that  the  line  should  stop  at  these  first  waters  of  the  Chesapeake  which 
were  met  in  coming  west  from  the  ocean.  The  friends  of  the  Penns,  on 
the  other  hand,  insisted  that  the  line  should  continue  to  the  open  bay. 
It  was  so  completed,  as  noted  above,  but  the  Marylanders  would  not 
jiccept  it,  and  once  more  the  dispute  was  referred  to  Lord  Chancellor 
Hardwicke. 

Before  his  decision  had  been  rendered  Charles  Lord  Baltimore  died 
and  the  proceedings  came  to  nothing. 

When  they  were  renewed,  with  the  new  proprietor,  Frederick  Lord 
Baltimore,  made  a  party  to  them,  he  refused  to  be  bound  in  any  way 
by  the  acts  of  his  predecessor.  At  last,  however,  on  July  4,  1760, 
another  deed  was  executed  by  the  interested  parties,  and  the  long  dis- 
pute was  at  an  end  so  far  as  concerned  the  rival  claims  of  Pennsylva- 
nia and  Maryland. 

The  boundary  called  for  by  the  deed  of  1760  was  substantially  the 
same  as  that  of  17.S2.  The  parallel  of  latitude  forming  the  northern 
boundary  of  Maryland  was  to  be  15  miles  south  of  the  most  soutln^rn 
part  of  Philadelphia.  The  "base  line"  was  to  cross  Taylors  Island  to 
the  open  bay,  as  claimed  by  the  Penns.  The  court-house  at  Newcastle 
was  accepted  as  the  center  of  the  circle. 

Under  the  deed  of  1760  commissioners  were  appointed  by  each  side 
to  supervise  the  work  of  demarcation.  These  commissioners  held  their 
first  meeting  at  Newcastle  on  November  19,  1760.  They  employed  a 
number  of  surveyors,  who  proceeded  to  complete  the  work  begun  in 
1751.  These  surveyors  api)ear  to  have  accepted  the  work  of  that  year 
on  the  "base  line,"  and  for  the  next  three  years,  uutil  the  latter  part 
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of  October,  1763,  they  were  engaged  in  running  trial  lines  for  the  tan- 
gent line,  starting  from  the  middle  point  of  the  base  line,  and  for  the 
radius,  which  should  meet  the  tangent  at  right  angles  12  miles  from 
Newcastle  court-house.  After  their  three  years  of  labor  no  solution 
had  been  reached,  though  it  afterwards  appeared  that  they  had  located 
the  radius  with  considerable  precision,  considering  their  rude  method 
of  work.  In  October,  1763,  the  commissioners  had  just  refiched  an 
agreement  to  report  the  state  of  the  work  to  their  respective  princi- 
pals and  to  ask  further  instructions,  when  they  received  information 
from  the  proprietors  that  two  skillful  mathematicians  had  been  engaged 
by  them  to  assist  the  commissioners  in  their  labors.  Further  proceed- 
ings were  therefore  suspended  until  the  arrival  of  these  new  surveyors, 
Charles  Mason  and  Jeremiah  Dixon. 

On  December  1, 1763,  the  commissioners  met  at  Philadelphia  and 
read  the  articles  of  agreement  between  the  proprietors  and  the  sur- 
veyors. They  also  made  the  necessary  arrangements  with  the  latter 
for  the  conduct  of  the  work. 

Messrs.  Mason  and  Dixon,  who  thus  appear  upon  the  scene,  were 
employed  in  the  boundary  surveys  for  the  next  four  years. 

Their  first  task  was  to  determine  the  latitude  of  the  most  southern 
part  of  the  city  of  Philadelphia.  The  mayor  and  other  city  officials 
were  called  upon  for  information  in  regard  to  the  true  southern  limit  of 
the  city.  They  conducted  the  commissioners  and  Messrs.  Mason  and 
Dixon  to  the  street  called  Cedar,  or  South  street,  and  there  pointed  out 
a  certain  house  occupied  at  the  time  by  Thomas  Plumsted  and  Joseph 
Huddle,  situated  on  the  south  side  of  the  street.  The  north  wall  of 
this  house,  marking  the  south  side  of  the  street,  was  stated  by  them  to 
have  been  ever  considered  the  most  southern  part  of  the  city  of  Phila- 
delphia. Though  the  position  of  this  house  is  not  stated,  it  was  prob- 
ably very  near  the  river,  as  Cedar  street  runs  a  little  south  of  east  and 
the  most  southern  part  of  its  south  side  would  be  where  it  struck  the 
shore. 

Mason  and  Dixon  built  an  observatory,  and  by  observations  with  a 
zenith  sector  determined  the  latitude  of  this  most  southern  point  of 
Philadelphia  to  be  39o  56'  2J)"-1. 

From  the  latest  survey  of  the  water  front  of  Philadelphia  the  latitude 
of  the  most  southern  part  of  the  south  side  of  Cedar  or  South  street  is 
about  390  56'  26"*6,  a  value  differing  from  that  of  Mason  and  Dixon  by 
only  2J  seconds  of  arc,  an<l  showing  that  their  work  was  very  carefully 
done. 

They  next  removed  their  instruments  to  a  new  station  about  27  miles 
to  the  westward  and  near  the  forks  of  Brandywine  C'reek,  where  they 
again  observed  for  latitude  and  k)cated  a  point  which  they  supposed 
to  be  in  the  same  latitude  as  their  first  observatory.  It  is  said  that  a 
white  stone,  locally  known  as  ^^the  stargazers'  stone,"  still  marks  this 
second  station.    From  this  point  they  opened  a  line  running  due  south 
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through  the  forest  and  measoi^ed  a  distance  of  15  miles  in  that  direction. 
This  measurement  was  designed  to  locate  the  parallel  of  latitude  which 
by  the  deed  of  17(>0  was  to  be  laid  out  15  miles  south  of  Philadelphia  to 
form  the  northern  boundary  of  Maryland.  Either  through  an  error  in 
the  latitude  of  the  second  station  as  comx>ared  with  that  of  the  lirst, 
or  from  errors  of  chaining,  or  both,  this  line  was  carriea  too  tar  south. 

The  difference  of  latitude  between  the  end  of  South  street  and  the 
northeast  corner  of  Maryland  is  now  about  13'  6",  or  about  5  chaius 
more  than  15  miles,  so  that  the  northern  boundary  of  Maryland  was 
put  about  330  feet  too  far  south. 

From  the  southern  end  of  their  15-mile  meridian  Mason  and  Dixon 
began  laying  off  a  parallel  of  latitude  to  the  westward.  After  running 
several  miles  of  this  liue,  which  was  temporarily  marked  by  wooden 
posts,  the  surveyors  left  it  for  a  time  and  turned  their  attention  to  the 
southern  portions  of  the  boundary.  Accepting  as  settled  the  "  base  line^' 
which  had  already  been  measured  across  the  peninsula  by  their  prede- 
cessors, and  the  middle  point  marked  by  the  same  persons,  Mason  and 
Dixon  endeavored  to  run  out  the  tangent  line  from  that  middle  point  of 
the  base  to  the  tangent  point.  This  extremity  of  the  12-mile  radius  laid 
out  by  the  former  surveyors  was  also  accepted  by  Mason  and  Dixon, 
who  found  that  it  was  nearly  at  right  angles  with  the  line  which  they 
laid  out  between  its  western  end  and  the  middle  point  of  the  base  line. 
As  will  be  shown  later,  this  tangent  point  is  really  about  108  feet  too 
far  from  the  belfry  of  Newcastle  court-house. 

In  laying  out  the  tangent  line  Mason  and  Dixon  were  much  assisted 
by  the  trial  lines  run  by  their  predecessors.  From  these  abortive  lines 
they  computed  the  direction  which  the  line  should  follow,  and  then  ran 
it  out  by  transit  until  they  reached  the  tangent  point.  They  found  that 
their  line  ran  16  feet  7  inches  east  of  that  stake.  They  then  computed 
the  proper  offsets  for  each  mile  of  their  line  to  bring  it  to  the  true 
line,  and  moved  their  posts  accordingly.  This  done,  they  reported  to 
the  commissioners  that  the  posts  so  placed  were,  as  nearly  as  practica- 
ble, in  the  true  tangent  line.  Next,  in  accordance  with  the  deed,  a 
true  north  line  was  laid  off  from  the  tangent  point  to  an  intersection 
with  the  parallel  of  latitude  15  miles  south  of  Philadelphia,  which  had 
already  been  partially  surveyed,  as  related  above.  The  point  of  inter- 
section of  the  meridian  and  parallel  became  the  northeastern  corner  of 
Maryland,  .  The  temporary  mileposts  already  placed  in  this  line,  and 
referring  to  the  south  end  of  the  15-mile  meridian  as  an  origin,  were 
replaced  by  new  posts  counting  westward  from  this  corner  of  Maryland. 

The  next  thing  to  be  done  was  the  marking  of  that  portion  of  the 
12-mile  circle  which  lay  to  the  westward  of  the  due-north  line  from  the 
tangent  i)oint.  And  here  Mason  and  Dixon  fell  into  an  error  in  com- 
puting the  length  of  this  small  arc.  As  was  pointed  out  by  Col.  J.  D. 
Graham  in  1850,  they  seem  to  have  obtained  theu^  angle  of  deflection 
from  tho  tangent  to  the  due-uoi*th  line,  upon  which  their  computatiou 
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of  the  chord  depeuded,  by  measuring  the  angle  between  their  due-north 
line  and  the  visible  portion  of  the  radius  laid  out  by  their  predecessors. 
They  had  previously  found  that  this  radius  was  sensibly  peri)endiculdi 
to  their  own  tangent  line.  Evidently,  however,  one  of  these  angular 
measures  wa«  considerably  in  error.  They  computed  their  chord  and 
ottsets  with  a  deflection  angle  of  3°  28',  while  the  actual  angle  between 
the  tiingent  and  the  due-north  line  was  found  by  Colonel  Graham  to  be 
3^  36'  06".  As  the  arc  cut  oft*  by  the  due-north  line  would  be  twice 
the  deflection  angle,  this  made  an  error  of  16'  12"  in  the  angular  value 
of  the  intercepted  arc  and  shortened  the  chord  about  300  feet.  Owing 
to  the  flatness  of  the  curve  the  middle  ordinate  was  not  greatly  in 
error,  and  the  area  of  the  segment  was  only  about  an  acre  too  small. 

Mason  and  Dixon  would  probably  have  obtained  better  results  if  they 
had  directly  measured  the  angle  of  deflection  of  the  due-north  line  from 
their  own  tangent  line.  By  an  error  in  chaining  they  made  a  smaller 
mistake  in  the  opposite  direction,  the  actual  length  of  their  chord, 
according  to  Colonel  Graham,  being  84  feet  greater  than  the  value  given 
by  them.  Their  chain  measurements,  i)robably  intrusted  to  careless 
employees,  seem  in  general  to  have  been  irregular  and  inaccurate.  Dis- 
tances on  the  ground  are  ahnost  always  greater  than  their  nominal 
length.  The  tangent  line,  supposed  to  be  a  little  less  than  82  miles 
long,  is  probably  about  84^  miles  in  actual  length.  Curiously  enough, 
all  of  the  errors  in  measurement  made  by  Mason  and  Dixon  or  their 
predecessors  seem  to  have  resulted  in  loss  of  territory  by  Maryland, 
except  for  the  trifling  error  in  the  area  of  the  circular  segment.  On 
the  base  line  the  distances  seem  to  have  underrun,  contrary  to  the  gen- 
eral rule;  but  if  this  error  wiis  cumulative  it  was  probably  distributed 
with  some  degree  of  uniformity  and  would  not  greatly  aftect  the  i>osi- 
tion  of  the  middle  jwint. 

But  the  error  in  locating  the  northern  l)oundary  of  Maryland,  ]mtting 
it  about  5  chains  too  far  south,  meant  the  loss  of  a  strip  of  that  width 
along  the  whole  length  of  the  boundary,  about  196  miles.  This  area 
would  amount  to  nearly  8,000  acres. 

The  error  in  measuring  the  radius  from  Newcastle  court-house,  which 
placed  the  tangent  point  108  feet  too  far  from  the  center,  took  a  strip  of 
that  width  from  the  eastern  border  of  Maryland  to  the  northward  of 
the  tangent  point,  while  south  of  that  point,  assuming  that  the  south- 
w^est  corner  of  Delaware  was  correctly  placed,  Maryland  lost  a  wedge- 
shaped  strip  about  84  J  miles  long  and  108  feet  wide  at  the  base. 

After  completing  the  arc  above  mentioned,  Mason  and  Dixon  took  up 
the  extension  of  their  parallel  of  latitude  to  the  westward,  and  their 
work  does  not  further  affect  the  matter  under  consuleration. 

As  these  various  lines  were  located  by  Mason  and  Dixon  they  were 

marked  by  suitable  stone  monuments  which  were  generally  one  mile 

apart.    This  work  was  done  by  other  persons  under  the  supervision  of 

the  connnissioners.    These  stones  were  made  in  England  from  oolitic 

s.  Ex.  19,  pt.  2 13 
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limestone,  aud  were  sent  out  from  time  to  time  as  they  were  needed. 
They  are  stout  square  posts  surmounted  by  a  rather  flat  pyramid. 
Upon  the  side  facing  Maryland  tlie  letter  M  is  cut,  and  on  the  opposite 
side  the  letter  P.  As  Delaware  was  then  a  part  of  Pennsylvania  the 
whole  length  of  the  line  was  marked  in  the  same  way.  Every  fifth 
milestone,  however,  was  more  elaborately  marked,  having  the  arms  of 
the  respective  i)roprietor8  carved  upoft  the  opposite  sides  in  place  of  the 
initials.  It  speaks  well  for  the  durability  of  the  stone  used  that  after 
being  exijosed  to  the  elements  for  more  than  a  century  and  a  quarter 
these  inscriptions  are  still  distinctly  legible  and  the  stones  are  in  so 
good  condition  as  to  have  (juite  a  modern  appearance.  While  I  was 
one  day  examining  the  eightieth  milestone  on  the  tangent  line  1  was 
approached  l)y  a  farmer  who  lived  in  a  house  not  I'ar  way.  He  asked 
me  the  meaning  of  the  stone,  and  on  being  told  something  of  its  history 
seemed  much  surprised  and  said  that  he  had  thonglit  it  a  farm  boundary 
mark  placed  there  in  recent  years. 

One  of  these  stones  carved  with  the  arms  of  the  proi)rietors  has  found 
its  way  by  some  strange  chancre  into  the  town  of  Newark,  where  it 
supports  one  of  the  pillars  of  the  porch  in  front  of  a  very  old  house. 
It  is  probably  one  that  was  intended  to  mark  the  eighty-fifth  mile  of 
the  tangent  line;  but  this  being  only  82  miles  long,  as  measured,  it  was 
not  used,  though  it  might  well  have  been  placed  at  the  intersection  of 
the  arc  with  the  due-north  line  instead  of  the  rough,  unmarked  stone 
which  stood  there  till  1841). 

The  monuments  placed  at  the  middle  i)oint  of  tho  base  line,  now  the 
southwest  corner  of  Delaware,  and  at  the  northeast  c(n'ner  of  Maryland,, 
difi'ered  from  any  of  the  others  in  having  a  coat  of  arms  on  each  side 
thereof.  Upon  their  north  and  east  sides  were  carved  the  arms  of  the 
Penns  and  upon  their  south  and  west  sides  the  arms  of  Lord  Baltimore. 

The  stones  placed  at  the  tangent  point  and  at  some  other  points  on 
the  small  part  of  the  circle  laid  out  by  Mason  and  Dixon  were  of  dif- 
ferent and  far  less  durable  material — a  dark  granite  rock  of  very  x)oor 
quality.  It  appears  from  the  minutes  of  the  commissioners,  under  date 
of  June  17,  1765,  that  it  was  intended  to  rei)lace  these  stones  with  more 
durable  monuments  marked  with  the  arms  of  the  propriet^)rs.  For 
some  reason  this  never  was  done,  and  most  of  the  old  stones  still  remain. 
The  top  of  each  is  rounded  to  indicate  that  it  is  on  the  cii^le.  The  arms 
of  the  proprietors  can  barely  be  perceived  ui^on  the  old  stone  at  the 
tangent  point,  the  only  one  w  hich  was  so  marked. 

Not  long  after  the  completicm  of  this  celebrated  work,  the  fruit  of  so 
many  years  of  (contention  and  of  so  great  labor  and  expense,  did  the 
proprietors  enjoy  the  quiet  possession  of  their  heritage.  The  storm  of 
the  Kevolution,  which  even  then  was  gathering,  soon  swept  away  the 
proprietary  governments  and  severed  the  connection  between  Pennsyl- 
vania and  the  *' three  lower  counties,''  this  disaflected  i)ortion  of  the 
province  becoming  the  State  of  ]>elawaie,  or,  a.s  its  legal  title  first  read> 
"  the  Delaware  State." 
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By  this  separation  a  large  portion  of  the  boundary  line  over  which 
the  Penns  and  the  Oalverts  had  so  long  contended,  the  controversy 
over  which  had  so  embittered  neighboring  communities  and  which  had 
at  last  been  settled  at  so  great  labor  and  expense,  became  the  dividing 
line  between  the  States  of  Maryland  and  Delaware.  Being  well  marked 
by  durable  monuments,  no  further  dispute  has  arisen  in  that  con- 
nection. 

The  boundary  between  l^ennsylvania  and  the  new  State  of  Dela- 
ware, however,  reverted  to  the  old  circular  line  betwe>en  the  counties 
of  Chester  and  Newcastle.  The  survey  of  this  line  by  Tailer  and  Pier- 
son,  1701,  has  already  been  described.  As  previously  noted,  there  was 
no  connection  whatever  between  Mason  and  Dixon's  work  of  1763-1767 
and  the  old  line  of  1701.  This  line  ran  through  a  hilly  and  sparsely 
settled  region,  and  the  approximate  location  handed  down  by  tradition 
among  the  country  people  seems  to  have  been  sufficient  for  their  sim- 
X>le  needs.  As  years  passed  by  memories  of  the  line  of  1701  became 
dim,  especially  near  its  western  end,  and  local  tradition  assumed  that 
the  stone  at  the  northeast  corner  of  Maryland  marked  also  the  western 
end  of  the  circular  boundary.  As  a  corollary  to  this,  it  was  held  that 
all  of  the  territory  lying  south  of  the  parallel  and  east  of  the  meridian 
passing  through  the  northeast  corner  of  Maryland,  down  to  the  tan- 
gent point,  belonged  to  Delaware.  In  other  words,  Delaware  and 
Maryland  were  thought  to  be  coterminous  up  to  the  northeast  corner 
of  the  latter  State. 

This  popular  view,  which  crystallized  into  local  usage,  though  subse- 
quently violently  assailed  and  even  officially  renounced  by  the  boundary 
commissioner  of  Delaware  in  1S50,  has  actually  governed  all  interested 
parties  even  to  this  day.  All  the  land  titles  are  recorded  in  Delaware, 
the  inhabitants  vote  and  pay  taxes  in  that  State,  and,  as  noted  by 
Colonel  (Iraham  and  others,  a  resident  of  this  wedge-shaped  strip 
between  the  circle  and  the  boundary  of  Maryland  was  for  some  time  a 
member  of  the  Delaware  legislature.      • 

From  a  comparison  of  the  old  grants  it  seems  a  reasonable  interpre- 
tation that  the  jurisdiction  of  Pennsylvania  should  not  extend  south  of 
Mason  and  Dixon's  parallel  of  latitude,  and  it  is  therefore  a  gratif^dng 
circumstance  that  one  result  of  the  last  interstate  commission  on  this 
subject  will  be  to  legally  establish  that  condition. 

Penn's  charter  of  1681  provided  that  the  southern  boundary  of  Penn- 
sylvania should  follow  'Hhe  12-mile  circle"  northward  and  westward 
until  it  intersected  the  fortieth  parallel  of  north  latitude.  This  was 
found  to  be  impossible,  but  by  subsequent  ])roceedings,  already  d(»- 
scribed,  the  parallel  of  latitude  15  miles  south  of  Philadelphia  was  sub- 
stituted for  the  fortieth  parallel.  Now,  the  12-mile  circle  had  already 
been  surveyed  when  Mason  and  Dixon  marked  their  parallel  of  lati- 
tude, and  it  seems  clejir  that  the  southern  boundary  of  Pennsylvania 
resulting  from  these  two  surveys,  to  conform  to  the  spirit  of  the  char 
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ter,  should  liave  followed  the  circle  of  1701  to  its  intersection  with 
Mason  and  Dixon's  parallel  of  latitude,  and  should  thence  have  fol- 
lowed that  parallel  to  the  westward.  Under  Penn's  deeds  of  1682  from 
the  Duke  of  York  he  claimed  the  12-mile  circle  and  the  country  south  of 
it,  but  made  no  claim  to  any  land  between  the  circle  and  the  southern 
boundary  of  Pennsylvania.  All  such  land  unquestionably  belonged 
to  Maryland.  But  in  the  deeds  of  1732  and  17(K)  the  Calverts  so  far 
yielded  their  rights  in  this  respect  as  to  agree  to  an  eastern  boundary 
running  duo  north  from  the  tangent  point.  This  agreement  trans- 
ferred to  thePenns  the  wedge-like  area  between  the  circle  and  the  due- 
north  line.  This  was  outside  of  both  of  Penu's  grants,  a  sort  of  dona- 
tion from  Lonl  Baltimore;  but  no  good  reason  appears  for  considering 
this  accretion  a  part  of  Pennsylvania  proper  rather  than  of  the  imme- 
diately contiguous  territory  of  Newcastle  County. 

Even  on  the  Jissumption  that  the  territory  so  gained  was  part  of 
Chester  County,  Newcastle  County  was  entitled  to  claim  the  circle  of 
1701  as  its  boundary.  That  line,  beyond  a  doubt,  intersected  ]\lasou 
and  Dixon's  due-north  line  far  to  the  north  of  the  point  commonly 
called  "the  junction  of  the  three  States." 

The  small  circular  arc  laid  out  by  Mason  and  Dixon  to  the  north- 
ward of  the  tangent  point  Vas  part  of  the  boundary  of  Maryland 
under  the  deeds  of  1732  and  17(jO. 

The  point  of  intersection  of  this  arc  and  the  due-north  line,  known 
since  1850  as  "the  junction  of  the  three  States,"  was  then  considered  of 
no  more  importance  than  any  other  point  of  the  Maryland  line,  and  was 
perhaps  the  worst  marked  of  them  all.  The  idea  of  making  the  end  of 
this  fragmentary  arc,  laid  out  by  Mason  and  Dixon  in  1705  for  one 
special  i)nrpose,  the  initial  i)oint  of  the  circular  boundary  of  Delaware, 
in  utter  disregard  of  the  line  actually  surveyed  in  1701  for  that  other 
special  purpose,  seems  to  have  originated  with  Col.  J.  D.  Craham,  of  the 
United  States  Topographiciil  Engineers,  who  in  1840  and  1850  super- 
intended a  revision  of  a  portion  of  Mason  and  Dixon's  work. 

This  resurvey  was  due  to  the  following  circumstances:  The  monu- 
ment which  htul  been  placed  in  1708  at  the  northeastern  corner  of 
Maryland  in  the  course  of  time  disa])peared  from  its  place.  Various 
stories  are  current  as  to  the  cause  of  its  disappearance,  but  they  are  not 
important  in  this  connection.  The  absence  of  this  stone  and  the  uncer- 
tainty as  to  the  significance  of  others  in  the  neighborhood  combined 
with  rumors  of  the  unauthorized  moving  of  some  of  the  monuments, 
produced  a  general  feeling  of  doubt  in  regard  to  the  northeastern 
boundaries  of  Maryland.  This  condition  led  to  the  appointment  in 
1849  of  a  joint  commission  composed  of  one  representative  from  each 
of  the  three  States — l^ennsylvania,  Delaware,  and  Maryland. 

It  seems  clear  from  the  circumstances  attending  the  formation  of  this 
commission  that  the  missing  stone  was  considered  by  all  to  have  marked 
a  point  common  to  the  three  States.    The  resolution  of  the  Pelaware 
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legislature  aiithoriziug  the  appointment  of  a  commissioner  from  that 
State  describes  it  as  ''the  original  boundary  stone  established  at  the 
point  where  the  States  of  Pennsylvania,  Maryland,  and  Delaware  join 
each  other."  This  resolution  was  adopted  on  the  10th  of  February, 
1847. 

The  legislature  of  Pennsylvania  did  not  act  on  the  matter  till  1849, 
when,  on  April  10,  a  bill  was  passed  authorizing  the  ai)pointment  of  a 
commissioner  to  act  for  Pennsylvania  in  surveying  and  determining,  the 
point  of  ihtersection  of  the  three  States  and  fixing  a  suitable  monu- 
ment at  the  point. 

This  is  not  quite  so  explicit  in  its  designation  of  the  particular  point 
meant  as  the  Delaware  resolution,  but  it  clearly  indicates  that  a  point 
then  unmarked  is  to  be  located  and  suitably  marked.  The  corner  of 
Maryland  is  the  only  point  that  would  answer  that  description,  and  if 
the  view  advanced  by  Colonel  Crraham  had  been  held  by  the  legislature 
of  Pennsylvania  it  would  hardly  have  admitted  Delaware  to  a  voice  in 
the  location  of  the  boundary  between  Pennsylvania  and  Maryland.  I 
can  not  find  that  the  legislature  of  Maryland  took  any  action  toward 
appointing,  a  commissioner,  but  one  was  certainly  appointed  by  the 
governor  of  that  State,  and  this  ac>tion  was  subsequently  ratified 
by  the  legislature,  which  authorized  the  payment  of  the  necessary 
expenses. 

'J  his  joint  commission  of  1849  obtained  from  the  War  Department  the 
detail  of  Lieut.  Col.  J.  D.  Graham  to  conduct  the  necessary  surveys. 
It  is  unnecessary  to  enter  into  much  detail  in  regard  to  his  operations, 
which  are  quite  fully  described  in  his  interesting  report  subsequently 
published  by  each  of  the  three  States.  He  reestablished  the  corner  of 
Maryland  by  producing  to  an  intersection  the  north  and  east  lines  of 
that  State  as  marked  by  monuments  then  in  existence. 

The  corner  thus  determined  was  marked  by  a  massive  granite  post, 
which  is  still  in  good  condition. 

He  also  placed  new  granite  posts  at  the  tangent  point,  at  the  middle 
point  of  the  arc  of  the  circle  north  of  the  tangent  point,  and  at  the 
point  where  the  above  arc,  as  laid  out  by  Mason  and  Dixon,  cuts  the 
due-nortli  line  so  often  referred  to. 

This  last  stone  was  made  in  the  shape  of  a  triangular  prism,  inscribed 
with  the  initials  of  the  three  States  on  the  appropriate  sides.  The 
names  of  the  commissioners  and  the  date  1849  were  also  cut  on  the 
north  side   under  the  initial  P. 

The  peculiar  features  of  this  stone  were  in  accordance  with  the 
theory  adopted  by  this  commission  of  1849,  at  the  prompting  of  Colonel 
Graham,  that  this  point  was  ^'the  juncticm  of  the  three  States."  It  is 
especially  surprising  that  the  commissioner  from  Delaware,  George 
Read  Riddle,  esq.,  should  have  assented  to  this  encroachment  upon 
the  area  and  jurisdiction  of  his  State.  And  the  legislature  had  given 
him  no  authority  for  such  surrender.    The  joint  resolutiovL  <il  ^^xxsax"^ 
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10,  1847,  iiiider  wliicli  ho  was  appoinh'd,  has  nhcady  been  iiuMitioniHi. 
It  is  entitled  a^'Kesohitioii  rehitive  to  the  northwest  boundary  stone 
of  the  StaUs^  and  its  text,  whicli  is  «;iven  in  full  in  the  appendix  to 
this  rei)ort,  elearly  indicates  that  the  lejrishiture  wished  to  restore  the 
stone  which  had  bc'en  removcMl  from  the  northeast  cornt^r  of  Maryland, 
and  not  that  other  stone  which  was  then  standinj^  at  the  point  now 
occupied  by  the  triaii«;:uhir  luusni,  more  than  :i.\  miles  farther  south. 
There  was  no  further  grant  of  power  to  the  commissioner,  not  a  hint  of 
any  authority  to  change  a  long-ac(*epted  boundary,  nor  to  bind  the 
State  as  to  any  details  of  the  cir<Milar  boundary  between  DehiAvare  and 
Pennsylvania. 

Yet,  strangely  en<mgh,  we  tind  the  Delaware  c(munissioner  accepting 
and  signing  a  report  and  map  which  took  from  his  State  not  only  the 
wedge  or  "tiatiron''  south  of  Mason  and  Dixon's  line,  but  also  in  the 
final  consequences  of  his  act,  a  h)ng  curved  strip,  or  horn,  about  half 
a  mile  wide  at  its  base  and  stretching  northeastward  along  the  circle 
for  11  miles,  until  it  vanishes  in  a  slender  point  at  the  Kennett-Penns- 
bury  stump,  near  Oenterville,  Del. 

This  was  due  to  the  fact  that  Cohmel  Graham's  map  of  1S50,  signed 
by  the  three  (commissioners,  pushed  back  the  ('ircular  boundary  from 
its  actual  intersection  with, Mason  and  Dixon's  hue  to  the  tln^oretical 
12-mile  circle,  regardless  of  the  well-known  rule  that  an  actual  line 
upon  the  ground  is  to  be  preferred  to  the  written  description  of  the 
same  line  in  a  deed. 

It  will  be  noticed  that,  altlnmgh  Delaware's  chiim  to  the  **tiatiron'' 
seems  to  have  been  Just,  the  <*ommon  impression  that  the  circular  arc 
bciran  at  the  corner  of  Maryland  was  erroneous, 

Tailer  and  Pierson's  line  of  1701  crossed  Mas<m  and  Dixon's  line 
some  2(K)0  feet  east  of  that  corner,  and  this  point  of  intersection  was 
the  true  beginning  of  the  circular  boundary. 

In  addition  to  the  work  above  mentioned,  (;olonel  Graham  also  made 
some  trigonometric  observations  and  cahtnlations  to  obtain  the  distance 
between  the  tangent  stone  and  the  court  house  at  Newcastle,  lie  also 
computed  the  distances  from  the  northeast  (!orner  of  Maryland  to  the 
true  12-mile  circle  in  two  directions — first,  on  a  right  line,  or  radius,  to 
the  spire  of  the  court-house,  and.  second,  on  Mason  and  Dixon's  line 
produced.  These  distances,  shown  on  the  map  furnisheil  the  commis- 
si(mers  by  Colonel  Graham,  are,  from  one  cause  or  another,  considerably 
in  error,  even  on  the  assumption  that  the  boundary  nnist  follow  the  true 
12-miIe  circle,  an  assumption  already  shown  to  be  untenable. 

As  mentioned  above,  these  apparently  erroneous  conclusions  as  to 
the  true  point  of  junction  of  the  three  States  and  as  to  the  i)roperh>ca- 
tion  of  the  circular  boundary  wereem])odied  in  a  map  which,  on  March 
1, 1850,  received  the  signatures  of  the  three  commissioners,  IF.  G.  8, 
Key,  of  Maryland,  Joshua  1*.  Eyre,  of  Pennsylvania,  and  George  Kead 
Kiddle,  of  Delaware. 
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No  subsequent  acts  of  ratification  seem  to  have  been  passed  by  the 
State  le^^islatures,  but  the  result  was  generally  acceiJtedon  paper  while 
ignored  in  fact.  The  maps  showed  Pennsylvania  reaching  a  slender 
finger  to  the  southward  between  Delaware  and  Maryland,  but  Delaware 
continued  to  exercise  complete  jurisdiction  over  that  area. 

In  view  of  recent  action,  by  which  the  above  arrangement  has  been 
somewhat  modified  and  the  '*  llatiron  "  has  been  restored  to  Delaware, 
it  appears  that  the  most  important  effect  of  the  map  of  1850  was  to 
commit  the  State  of  Delaware  to  the  definite  acceptance  of  the  intersec- 
tion of  Mason  and  Dixon's  line  with  the  true  12-mile  circle  as  the  initial 
point  of  the  circular  boundary  instea<i  of  the  intersection  with  the 
circle  of  1701. 

This  survey  of  1850  called  attention  to  the  unmarked  condition  of 
this  circular  boundary,  and  while,  fortunately  for  Delaware^  the  com- 
missioners appointed  at  that  time  had  no  autiiority  to  undertake  the 
work  of  marking  it,  they  suggested  that  speedy  aetion  should  be  taken. 

The  legislature  of  Pennsylvania  took  action  in  the  matter,  and  in 
several  sections  of  a  sort  of  omnibus  bill,  approved  April  22, 1850,  pro- 
vided for  the  appohitment  of  a  commissioner,  etc.  The  act  is  somewhat 
of  a  curiosity  in  its  very  matter-of-fact  provisions  for  laying  out  the  true 
12-mile  circle  and  for  securing  the  titles  and  other  vested  interests  of 
the  numerous  citizens  of  Delaware  who  were  thus  to  be  transferred  to 
Pennsylvania.  Aside  from  this  prejudging  of  the  case,  its  provisions 
seem  careful  and  intelligent.  Delaware  does  not  seem  to  have  cared 
to  make  so  one-sided  a  bargain,  and  nothing  more  was  done  for  about 
forty  years.  The  increasing  importance  of  the  boundary,  as  the  coun- 
try grew  in  population  and  wealth,  led  to  a  renewed  agitation  of  the 
question. 

On  April  25, 1889,  the  legislature  of  Delaware  passed  a  bill  appoint- 
ing Hon.  Thomas  F.  Bayard,  Hon.  B.  L.  Lewis,  and  Hon.  John  H. 
Hoftecker  commissioners  on  the  part  of  Delaware  to  act  in  conjunction 
with  a  similar  commission  from  Pennsylvania  to  agree  upon  and  mark 
the  boundary. 

On  May  4, 1889,  the  legislature  of  Pennsylvania  passed  a  similar  act, 
authorizing  the  governor  to  appoint  three  commissioners  to  act  for  the 
Commonwealth  of  Pennsylvania,  in  conjunction  with  the  Delaware  com- 
missioners, in  "examining,  surveying,  and  reestablishing"  the  bound- 
ary line  between  the  two  States.  These  commissioners  were  directed 
to  join  in  marking  by  enduring  monuments  the  line  so  reestablished. 

The  governor  appointed  Hon.  Wayne  MacVeagh,  Hon.  W.  H.  Miller, 
and  Hon.  R.  E.  Monaghan  as  the  Pennsylvania  commissioners  under 
this  act. 

The  proceedings  of  these  two  boards  of  commissioners  have  not  yet 
been  published,  and  not  many  details  of  their  deliberations  can  be 
given.  From  the  limited  information  at  hand  it  appears  that  the  com- 
missioners from  both  States  met  in  joint  session  at  PhU^d!^\\>\2^^  ^x^^ 
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mtIh^^^  IIoo.  Tiiomaf^  F.  bayani  a.>  ibtrir  t-iiairmau.  Eac-ii  «'oiiiiiii««ioo 
MfliamU-iy  ^-mployed  aii  a::eut.  styltii.  re*iiect:v»-Iy.  ••  'inrvevt^r  od  the 
jrait  of  P*-ri n.*y i  van ia  ~  a  ::d  -  >a  rveyor  o:i  t  h»-  fKir  t  •  •!  I  »e I ;4 'Jar*-."  These 
••»arT#ryi>;»"  a/*t«r<l  as  .-'♦rcrreiaritr'*  u»  th»-ir  rf'^j»»-i-:i*.  e  £^>jnl>.  i^illected 
iijforiDanon  in  re^'ani  to  exL^ting  ::.o:iai!i«p-:.;.s  ^uvTi^^r^i  t«»  be  od  the 
>jooD4[iar>'  !in#r-  Iv/ke<l  uji  iMi  title  «i»:r^is  Inrariij::  i^ij  i:*c  lujk  :;*■»•  etc.  It 
apj9ear»  als/j  to  have  ljee:i  ^-xpei-t^^i  tiMt  they  wnuiii  >nrvey  and  mmrk 
the  boandary. 

Mr.  Benjamin  H.  Smitb.  of  Piii^adeipbia.  w;is  tli»-  ••  surveyor  for  PeDD- 
Hylvania.*  and  3fr.  Daniel  Farra,  of  Wiluiiiijrton.  wa<  :bt-  -ssnrveyor 
for  Delaware." 

Tlje?<e  gCDtlenien  apfiear  to  bave  examin»rd  with  o»:i^:'^er.4fiie  i-are  the 
available  do^mnient*.  er^nnty  records,  etc..  wiiiih  mi^'bt  riir  iw  li^bt  upon 
tbe  qaestiou. 

.Starting  from  tbe  Delaware  itiver  and  .c:«»injr  w»->tw.iril.  tl;  -y  seem  to 
bave  lieen  mataally  sati.stie<l  t::at  tbey  bail  iib'niice«l  wi:b  reasonable 
eertainty,  a.s  part.s  of  tbe  line  i»f  ITol.  the  followin^r  i:Kirk<:  First,  the 
remains  of  tbe  old  boiu«e  )>e]ow  Marcus  Iloijk  ;ir  wiik-ii  Tailor  and 
Pierson  endeil  the  eastern  section  <»f  tlieir  line:  set-oini-the  iMmudaries 
of  f«ome  fanns  west  of  tbe  -^nii-'ord  T»;n.]i:kc"  \\\A  ea^j  of  Hramly- 
wine  Creek,  tbe  orijrinal  j»a tents  f«'r  which  lands  ^ailinl  fi.r  ;he  cii-cuhir 
line  a.s  their  .soutbeni  Yxiamlary:  third,  a  peculiar  b«'iid  i»f  Krandywine 
r'reek.  west  of  the  nx!ky  pr^jiuo^itory  c.illed  Pnint  Looki>ut.  where  the 
>tream.  flowing  nearly  soath.  touihes  the  boundnry  of  Deliiware,  bat 
letreats  again  to  Pennsylvania,  carving  back  ii>  the  iiortheast  and 
sweeping  in  a  long  l>end  around  Point  L«Nikonr.  w!:e:i  it  o!iee  more 
trends  to  the  s^mtbward  and  cr<*s>*-<  the  boundary  at  last  near  Smithes 
bridge:  fourth,  a  bujre  bi'-kory  stump,  which  marks  thr  ]M»i!!t  at  which 
the  line  between  the  townshij»s  of  Kennett  and  Penii>bury,  in  Chester 
County,  strikes  thJi  circular  line  of  IT'M.  This  la-^t  punt  is  a  par- 
ticularly notable  one.  The  old  tne.  wliirh  w;i>  standinsr  a  few  years 
ago.  wa-s  nodoulit  in  existence  in  the  time  of  \Villia:!i  IVnn.  Ir  is  men- 
tioned as  a  **«:nall  hickory**  in  a  deed  ^Mven  in  1713  by  (ieoiue  Harlan 
to  bis  JK>n,  James  Harlan,  for  2^>*i  acres  of  land,  a  ]»a:  r  of  the  -manor 
of  Staneing."'  granie<l  by  ]iatent  tiy  William  Pe:in  to  liis  daughter 
Lartitia  in  J 701.  The  hickory  was  di-s^Tibed  a^  bein:r  "in  ye  eastern 
line  of  ye  Kaid  manor." 

To  the  westward  of  tliis  hickory  snnnp  no  niark-^  «'>ii]d  be  ftuiud 
which  the  State  surveyors  were  mutually  willinjr  to  arrejit  as  c<»iTect. 
A  ci»nsiderable  niimUrr  <*(  niai-ks  of  more  or  less  autlientieity  were 
IKiintf'il  out  iiV  des'-rilx'd  at  that  time  wvA  sabsequcnrly  'J»y  tlic  inhab- 
itiuits  along  the  line.  Th«*re  wa<.ljowever.  no  ibicumr'ir;n  vevidtMice  of 
their i<lentity,  and  the  agents  i>f  tlie  commissioners  dfelineti  to  consider 
usage  or  tradition  as  reliable  for  their  ]»uri»oH's. 

One  of  these  points,  a  stone  at  the  formu*  of  li  un.w  in  Mill  Creek 
liuudred,  was  HupiKirted  by  title  ileeds  dating  back  to  about  ISoO,  when 
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the  land  of  an  intestate  decedent  was  divided  among  his  heirs.  As 
the  land  lay  partly  in  Pennsylvania  and  partly  in  Delaware,  the  courts 
of  both  Chester  and  ifewcastle  dainties  were  interested  in  the  case. 
A  surveyor  was  employed,  who  ran  out  and  marked  the  portion  of  the 
State  line  crossing  the  estate,  and  these  marks  are  still  in  place.  Each 
court  then  took  jurisdiction  on  its  own  side  of  the  line,  and  the  estate 
was  thus  administered.  There  is  no  documentary  connection  between 
tlie  work  of  this  surveyor  and  the  line  of  1701,  and  this  work  of  1830 
was  most  likely  run  between  the  nearest  two  traditional  marks,  possi- 
bly some  of  the  old  trees,  which  may  still  have  been  standing  at  that 
time.  The  marks  so  established  had  certainly  been  accepted  as  authen- 
tic by  the  people  and  the  local  authorities  on  both  sides  for  sixty 
years,  and  might  well  have  been  considered  of  some  value,  especially 
as  their  position  indicates  a  strong  probability  that  they  are  at  least 
very  near  the  line  of  1701.  These  circumstances  were  not,  however, 
discovered  until  the  joint  commission  had  agreed  to  accept  as  the  west- 
ern end  of  the  arc  the  intersection  of  Mason  and  Dixon's  line  of  1764 
with  the  true  lli-mile  circle  as  indicated  on  the  map  of  1850.  The 
"State  surveyors,''  therefore,  maile  no  use  of  these  points,  which  were 
brought  to  light  in  the  course  of  the  survey  of  1892. 

Although,  as  just  mentioned,  the  commissioners  followed  the  prece- 
dent furnished  by  the  official  plat  of  Colonel  Graham's  work  in  decid- 
ing that  the  circular  boundary  shouhl  meet  Mason  and  Dixon's  line 
at  a  i>oint  just  12  miles  from  the  spire  of  Newcastle  court-house,  they 
agreed  to  correct  so  much  of  his  work  as  threw  into  Pennsylvania  the 
triangular  area  commonly  called  the  "flatiron."  The  western  bound- 
ary of  Delaware  would  therefore  coincide  with  the  eastern  boundary  of 
Maryland,  and  the  northern  boundary  of  Delaware  would  run  due  east 
from  the  northeast  (corner  of  Marylaml  to  a  point  just  12  miles  from 
Newcastle  cx)urt-house  and  thence  would  follow  a  curved  line  passing 
in  as  regular  a  manner  as  i>ossible  through  the  successive  boundary 
marks  accepted  as  authentic  relics  of  the  line  of  1701. 

But  the  commissioners  and  the  surveyors  had  no  reliable  information 
as  to  the  absolute  or  relative  ))ositi()ns  of  these  marks,  and  could  there- 
fore form  no  conclusions  with  regard  to  the  curve  to  be  passed  through 
them.  Nothing  seems  to  have  been  done  in  the  way  of  held  work,  and 
the  matter  remained  in  this  condition  until  1892. 

Early  in  that  year  the  joint  commission,  through  the  Hon.  Thomas 
F.  Bayard  and  Mr.  Benjamin  H.  Smith,  applied  to  the  Superintendent 
of  the  United  States  Coast  and  Geodetic  Survey  for  assistance  in  the 
matter  and  for  the  detail  of  an  officer  to  execute  the  field  w^ork. 

The  consideration  of  this  work  forms  the  subject  of  the  second  part 
of  this  report,  but  to  bring  this  historical  sketch  down  to  the  present 
time  the  work  of  1892  may  be  summarized  as  follows: 

It  was  found  that  no  single  circle  could  be  made  t^  satisfy  the  con- 
ditions imposed  by  the  commissioners.     A  compound  ^vslxn^  ^v^^*  n[X^«^^- 
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fore  laid  out.  Tliis  is  Ibrined  by  two  circular  arcs  which  have  a  common 
tangent  at  the  Kennett-Pennsbury  stump,  which  point  is  very  nearly 
midway  on  the  whole  curve.  The  radius  of  the  western  part  of  the 
curve  is  about  11*58  miles  and  that  of  the  eastern  part  is  about  12*81 
miles. 

Although  the  radius  of  curvature  of  the  western  part  of  the  arc  is 
less  than  12  miles,  no  part  of  it  lies  within  the  12-mile  circle.  The 
western  end  or  initial  jwint  of  the  curve  is  just  12  miles  from  New- 
castle court-house,  but  every  other  point  of  the  line  is  outside  of  the 
theoretical  circle.  This  diflference  increases  rai)idly  as  far  as  the  Ken- 
nett-Pennsbury stump,  where  it  is  1877  feet,  and  after  that  more 
gradually,  amounting  to  3137  feet  at  the  eastern  end  or  terminus  of 
the  line. 

This  line  is  now  marked  by  4(]  substantial  monuments,  as  follows: 
An  initial  monument,  made  of  dark  Brandywine  granite,  at  the  west- 
ern end  or  origin  of  th6  curve;  22  milestones  marked  with  the  initials 
of  the  names  of  the  States  and  the  date,  1892:  22  smaller  stones 
marked  simply  ^,  placed  half  way  between  the  milestones,  and  a  termi- 
nal monument  near  the  Delaware  Riv^er,  at  the  eastern  end  of  the  line. 

With  the  exception  of  the  initial  monument,  all  of  these  stones  are 
of  a  light  grayish  white  gneiss,  from  a  quarry  near  Chester. 

Thus  ends  for  the  present  the  history  of  this  boundary,  and  although 
a  few  residents  of  the  debatable  ground  near  the  initial  monument  felt 
aggrieved  that  the  official  location  of  the  line  placed  them  in  Pennsyl- 
vania instead  of  Delaware,  and  although  there  are  rumors  of  a  contem- 
plated appeal  to  the  Supreme  Court  of  the  United  States,  it  appears 
reasonable  to  suppose  that  the  line  thus  marked  will  remain  the  boun- 
dary and  that  this  will  be  the  last  chapter  of  the  long  story  of  border 
troubles  outlined  in  the  foregoing  sketch. 


PART  II.— DETAILED  ACCOUNT  OF  THE  WORK  ON  THE  PENNSYLVANIA- 
DELAWARE  BOUNDARY  LINE  EXECUTED  BY  W.  C.  HODGKINS,  ASSIST- 
ANT. 

In  compliance  with  the  Superintendent's  letter  of  instructions,  dated 
March  8,  1892,  I  communicated  with  Messrs.  Benjamin  H.  Smith,  of 
Philadelphia,  and  Daniel  Farra,  of  Wilmington,  who  had  been  employed 
by  the  two  boards  of  commissioners  to  represent  the  interests  of  their 
respective  States. 

At  the  request  of  these  gentlemen  I  went  from  Washington  t^)  Phila- 
delphia on  March  16,  1892,  and  met  them  at  the  office  of  Mr.  Smith. 
At  this  conference  the  nature  of  the  problem  was  outlined  and  a  gen- 
eral plan  of  work  was  adopted. 

Briefly  summarized,  in  advance  of  more  detailed  discussion,  the 
following  were  the  principal  features  of  the  work  to  be  done: 

1.  The  accurate  determination  of  the  geographical  positions  of  the 
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following  poiuts,  viz:  Newcastle  court-house,  the  stone  marking  the 
northeastern  corner  of  Maryland,  and  such  points  of  the  line  of  1701 
as  could  be  satisfactorily  identified. 

2.  The  preparation  of  a  drawing  to  show  these  points  in  their  true 
relative  positions  and  to  indicate  the  various  lines  which  might  be 
niaile  to  satisfy  more  or  less  completely  the  conditions  imposed  by  the 
commissioners. 

3.  The  decision  by  the  commissioners,  after  consideration  of  the  above 
maj),  as  to  the  character  of  the  curve  which  should  be  adopted  for  the 
boundary. 

4.  The  preliminary  location  upon  the  ground  of  the  line  so  adopted. 

5.  The  examination  of  this  preliminary  line  by  the  commissioners 
with  a  view  to  any  modifications  which  might  become  necessary. 

6.  The  permanent  marking  of  the  line  as  approved  by  the  commis- 
sioners of  the  two  Sta.tes. 

it  was  suggested  to  Messrs.  Smith  and  Farra  that  the  most  ready 
means  of  obtaining  the  required  information  would  be  by  using  the 
plane  table,  which  would  likewise  afford  a  very  fair  degree  of  precision 
in  the  location  of  the  line. 

They  preferred,  however,  to  have  the  work  done  by  trigonometric 
methods,  but  it  was  decided  to  make  a  plane  table  reconnaissance  on 
a  small  scale  (1:40000)  in  order  to  obtain  an  approximate  idea  of  the 
positions  of  the  guiding  points  with  reference  to  each  other.  This 
would  also  serve  for  laying  out  the  scheme  of  triangulation  for  the 
subsequent  work. 

With  this  understanding  I  returned  to  Washington,  where  I  was 
engaged  in  completing  my  office  work  of  the  topographical  survey  of 
the  District  of  Columbia.  I  at  once  began,  however,  to  gather  mate- 
rials and  to  make  preparations  for  taking  the  field  early  in  April,  and 
on  the  14th  and  15th  of  that  month  I  sent  two  members  of  the  party  to 
Newark,  Del.,  to  begin  the  field  work  by  putting  up  flags  and  search- 
ing for  the  station  marks  of  the  Coast  Survey  in  that  vicinity. 

I  expected  to  follow  them  in  a  few  days,  but  before  I  had  been  able 
to  leave  Washington  it  appeared  from  my  correspondence  with  the 
State  surveyors  that  there  existed  a  certain  amount  of  misunder- 
standing or  lack  of  definition  as  to  the  exact  scope  of  the  work  which 
the  Coast  and  Geodetic  Survey  was  asked  to  undertake,  and  also  as  to 
the  position  which  I,  as  the  representative  of  the  Survey,  was  to  occupy 
in  relation  to  the  State  surveyors. 

It  being  deemed  advisable  by  you  that  these  matters  should  be  defi- 
nitely settled  before  I  went  to  the  field,  my  departure  was  delayed  for  a 
time.  After  further  correspondence  and  a  personal  conference  at  the 
office  of  the  Survey,  on  April  27,  between  the  State  surveyors  and 
yourself,  at  which  I  was  also  present,  they  expressed  a  wish  to  submit 
the  question  anew  to  their  respective  commissioners  for  further  action 
by  them. 
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Ill  pursuance  of  this  arrau^euieiit,  Messrs.  Smith  and  Farra  addressed 
to  you  a  letter,  dated  May  5, 1892,  in  which  tliey  informed  you  that  the 
matter  had  that  day  been  submitted  by  them  to  the  boundary  commis- 
sions of  the  two  States  in  joint  session  in  Philadelphia,  and  that  the 
joint  commission  had  adopted  a  resolution,  as  follows: 

Bcsolvedf  That  Messrs.  Smith  and  Fiirra  bo  instructed  to  secure  the  survey  of  the 
line  as  soon  as  possible  in  accordance  with  the  sugj^estions  of  the  United  States 
Coast  and  Geodetic  Survey^  so  as  to  enai>le  them  to  re]:K>rt  the  line  approved  by  them 
to  the  Commission  as  soon  as  possible.     . 

As  in  your  opinion  this  resolution  satisfactorily  terminated  the  uncer- 
tainties above  referred  to,  you  verbally  directed  me  to  proceed  to  carry 
out  your  instructions  of  March  8. 

I  accordingly  left  Washington  on  May  11, 1892,  and  reached  Newark, 
Del.,  on  the  same  day.  1  first  exainiiied  the  work  which  had  been  done 
by  the  two  men  whom  I  had  sent  to  the  field  in  April,  and  who  had  been 
employed  during  my  enforced  delay  in  putting  up  flags  and  searching 
for  triangulatiou  points.  They  had  succeeded  in  recovering  the  stations 
"Londonderry,"  "Meetinghouse  Hill,"  and  "Ci  rand  view,''  the  last  two 
so  close  together  as  to  amount  practically  to  one  station.  A  large 
number  of  flags  hud  also  been  put  up  in  the  vicinity  of  the  boundary 
between  the  Maryland  line  and  Brandywine  Creek,  and  these  were  of 
considerable  service  in  the  reconnaissance. 

I  also  made  a  personal  examination  of  the  ground  in  the  vicinity  of 
the  northeast  corner  of  Maryland,  and,  on  May  18,1  accompanied  Messrs. 
Smith  and  P^irra  on  a  visit  to  the  portion  of  the  ohl  line  in  the  vicinity 
of  Brandywine  Creek,  where  some  traces  of  the  former  work  are  still 
to  be  identiiied. 

I  was  shown  the  old  hickory  stump  at  the  southeast  corner  of  Ken- 
nett  township,  the  peculiar  bend  of  the  Brandywine  through  which 
Tailer  and  IMerson  dragged  their  chain  in  1701,  and  the  other  supposed 
marks  referred  to  in  the  first  part  of  this  report.  A  tall  hickory  tree 
standing  on  the  supposed  old  line  at  the  corner  common  to  the  town- 
ships of  Concx)rd  and  Bethel,  Dehiware  County,  Pa.,  was  selected  by  the 
surveyors  as  the  reference  point  for  that  parr  of  the  line. 

At  a  later  i)erio<l  I  also  accompanied  Messrs.  Smith  and  Farra  to  the 
supposed  remains  of  the  old  house  on  the  Delaware  which  marked  the 
eastern  end  of  the  line. 

I  now  endeavored  to  recover  some  of  the  ('oast  Survev  stations,  which 
would  better  answer  my  purpose  than  those  already  found.  The  natu- 
ral and  artificial  changes  of  th(>  half  century  since  that  work  was  done 
had  so  completely  changed  the  surroundings  of  the  points  that  our 
search  was  unsucc'essful  for  the  time. 

The  line  "  Londonderry  "-*•  Mectinglnmse  Hill,"  a  side  of  one  of  the 
]»rimary  triangles,  was  adopted  as  the  base  for  the  triangulatiou,  after 
some  hesitation  due  to  the  length  of  the  line  (nearly  14  miles)  and  to 
the  fact  that  intervening  obstacles  would  compel  me  to  elevate  the 
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instrument  at  each  station.  Fi'om  tbis  base  Hue  was  developed  a  scheme 
of  triangulation  which  reaches  directly  each  of  the  points  required  to 
be  determined  except  the  one  upon  the  bank  of  the  Delaware.  That 
also  is  reached  indirectly,  having  been  connected  with  the  neighboring 
stations  of  the  river  triangulation,  which  is  also  connected  with  my 
work  at  Newcastle. 

In  reducing  the  size  of  the  triangles  from  the  14-mile  base  line  to  the 
length  required  for  following  the  circular  boundary  with  a  small  scheme 
new  points  were  first  established  at  ''Centerville,''  Del.,  in  the  village 
of  that  name,  and  at  ''White,"  Pa.,  near  the  village  of  Kemblesville. 
This  latter  station  was  very  near  the  old  point  "Missimer,"  for  which 
some  ineffectual  search  was  made  in  the  hope  of  making  the  stations 
coincide. 

From  the  line  "White"-'' Meetinghouse  Hill"  thus  determined  I  was 
able  to  locate  a  station  on  "  Grays  Hill,"  near  Elkton,  Md.  From  this 
point  and  from  ''Meetinghouse  Hill"  observations  could  be  made  upon 
the  spires  of  the  Masonic  Hall  and  Immanuel  Church  at  Newcastle. 

The  court-house,  being  low"  and  inconspicuous,  could  not  be  seen  over 
the  surrounding  trees,  but  was  determined  by  smaller  triangles  based 
upon  neighboring  points  which  had  first  been  esta.blished  from  the 
main  stations.  I  was  then  able  to  compute  for  the  first  time  the  posi- 
tion of  this  important  point  in  terms  of  the  standard  data  of  the  Coast 
and  Geodetic  Survey. 

A  great  deal  of  trouble  was  experienced  in  making  the  reconnaissance 
for  the  triangulation  on  account  of  the  rolling  character  of  the  coun- 
try, the  hills  in  any  locality  having  nearly  the  same  elevation.  These 
hills  are  also  generally  covered  with  heavy  timber,  and  as  there  are  no 
commanding  heights  it  was  very  difficult  to  secure  intervisible  points 
suitably  located. 

The  atmospheric  conditions  were  likewise  unfavorable,  tbe  air  being 
remarkably  thick  throughout  the  seascm. 

All  of  these  obstacles  were  overcome  at  last,  but  to  accomplish  it 
required  mucli  time  and  a  great  deal  of  hard  work.  In  several  cases 
stations  had  to  be  moved  time  after  time  to  meet  the  conditions  imposed 
by  new  ones  selected  further  on,  and  this  process  had  to  be  repeated 
until  all  the  necessary  lines  of  sight  were  arranged.  In  the  scheme 
finally  worked  out  there  was  scarcely  any  cutting  and  comparatively 
few  scafllbld  signals. 

Tlie  stone  at  the  northeast  corner  of  Maryland  was  a  station  pecul- 
iarly difficult  to  bring  into  the  scheme  of  triangulation,  situated  as  it  is 
in  the  bottom  of  a  wooded  ravine.  I  was  able,  however,  to  obtain  a 
satisfactory  determination  of  this  important  point.  A  portion  of  the 
line  between  "Londonderry"  and  "Meetinghouse  Hill"  was  heavily 
timbered,  and  it  was  necessary  to  remove  some  of  the  larger  trees  from 
the  line  of  sight  to  avoid  an  extremely  high  signal  at  "Meetinghouse 
Hill."    To  assist  in  opening  this  line  and  to  serve  in  the  reconnaissance 
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for  the  new  stations  afterwards  located  at  '^Centerville''  and  *' White," 
it  was  found  necessary  to  put  up  tall  poles  provided  with  cleats  for 
climbing  high  enough  to  make  preliminary  observations.  By  means  of 
these  the  line  was  opened,  the  new  points  were  selected,  and  the  neces- 
sary heights  of  the  signals  were  determined.  Poles  from  60  to  85  feet 
high  were  raised  by  a  tackle  and  horse  power.  They  were  steadied  by 
rope  or  wire  guys,  carried  flags  at  the  top,  and  were  cleated  to  a  height 
of  about  60  feet.  A  light  whip  rove  through  a  single  block  at  the  top 
enabled  the  reconnoitering  tele-scope  to  be  hoisted  to  the  eye  of  the 
observer.  Such  a  i>ole  was  also  erected  near  the  old  station  "  Bethel," 
in  hopes  of  connecting  that  portion  of  the  line  with  the  triangulation, 
but  the  heiivy  timber  upon  the  dividing  ridge  to  the  westward  pre 
vented  it  from  being  seen  from  '*Centerville.''  It  was  therefore  found 
necessary  to  omit  any  triangulation  over  the  6  miles  of  the  line  between 
the  Concord  and  Philadelphia  turnpikes. 

By  the  end  of  June  the  reconnaissance  was  so  far  advanced  that  I 
felt  able  to  proceed  to  build  the  main  signals,  where  scafl'olds  of  some 
height  were  necessary.  To  expedite  matters  by  getting  these  signals 
up  while  I  was  completing  the  reconnaissance,  I  engaged  Mr.  Joseph 
Willis,  a  carpenter  and  builder  of  Newark,  to  build  these  for  me  as 
rapidly  as  possible;  and  I  expected  to  begin  the  angular  measurements 
as  soon  as  they  were  done. 

Mr.  Willis  took  the  work  at  a  reasonable  price  and  put  up  the  signal 
at  Grays  Hill  as  planned.  Just  at  this  stage  of  the  work  Mr.'  Farra, 
who,  with  Mr.  Smith,  had  been  kept  informed  of  the  progress  of  events, 
paid  me  a  \i8it  and  notified  me  that  the  commissioners  were  not  agreed 
upon  the  desirability  of  the  triangulation,  and  that  they  particularly 
objected  to  the  expense  of  building  signals.  He  therefore  requested 
me  to  go  to  no  further  expense  of  the  kind  until  the  matter  could  be 
carefully  considered  by  the  joint  commission. 

After  the  particular  desire  which  had  been  manifested  in  the  begin- 
ning of  the  work  to  have  everything  done  by  triangulation,  I  was  much 
surprised  at  Mr.  Farra's  communication.  As  the  survey  was  being 
made  for  the  commissioners,  however,  I  felt  obliged  to  yield  to  their 
request.  As  matters  turned  out,  this  action  was  particularly  unfortu- 
nate in  its  results. 

I  therefore  continued  my  reconnaissance  until  the  scheme  was 
completed  and  the  points  to  be  determined  were  all  shown  on  the  plane- 
table  sheet.  I  then  furnished  tracings  of  the  sheet  to  the  commission- 
ers from  each  State.  These  tracings  showed  the  projected  scheme  of 
triangulation,  the  locations  of  the  standard  points  desired,  the  true 
*^  12-mile  circle,"  and  the  curves  which  most  nearly  fitted  all  tlie  actu- 
ally existing  points. 

Along  with  these  I  also  fumislied  revised  estimates  for  the  expenses 
of  the  survey,  the  estimated  total  being  $3100.  It  may  be  well  to  dis- 
cuss this  point  a  little  further  in  this  connection.    Before  1  left  Wash- 
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iDgton  I  had  prepared  estimates  calling  for  a  much  smaller  sum. 
These  were  based  upon  what  I  was  told  in  the  office  of  the  probable 
extent  of  the  work  and  were  m^ule  before  I  had  been  on  the  ground.  I 
had  been  in  the  field  but  a  short  time  when  I  perceived  that  the  ideas 
of  the  work  that  1  had  received  from  others  were  quite  inadequate  and 
that  supplemental  estimates  would  be  necessary.  At  the  request  of 
Messrs.  Smith  and  Farra  I  deferred  them  until  the  reconnaissance  was 
finished,  when  they  were  promptly  submitted.  It  .is  true  that  the  final 
expense  amounted  to  about  17  per  cent  more  than  the  amount  named, 
but  I  am  confident  that  this  moderate  increase  would  have  been  unnec- 
essary but  for  a  remarkable  combination  of  untoward  circumstances. 
With  regard  to  the  total  amount  expended,  Mr.  Smith  told  me  that  his 
own  estimate  of  the  cost  had  been  considerably  above  my  highest  esti- 
mate. I  think  the  total  very  reasonable  for  the  amount  of  work  which 
was  done. 

By  your  authority  I  next  visited  Washington  and  explained  to  you 
the  condition  of  the  work,  estimates,  etc. 

Upon  my  return  to  the  field,  as  there  appeared  no  prospect  of  a 
meeting  of  the  commission,  I  took  up  the  work  at  the  eastern  end  of 
the  line  and  connected  the  "Euins"  of  the  old  house  with  the  triangu- 
lation  of  Delaware  liiver.  This  point  could  not  be  seen  from  the 
neighboring  stations  on  account  of  several  good-sized  trees  which  stood 
close  to  the  edge  of  the  river.  The  owner  of  the  land  objected  so  strongly 
to  the  destruction  of  these  trees  that  another  station  was  interi>olated 
at  the  windmill,  a  short  distance  to  the  northeast  of  the  '^  Ruins,"  and 
the  latter  point  was  determined  by  an  azimuth  and  measured  distance 
from  the  mill. 

After  visiting  Newcastle,  where  observations  were  prevented  by  the 
dense  haze,  which  rendered  the  nearest  signals  invisible,  I  returned  to 
Newark  and  began  putting  up  signals  and  marking  stations.  Owing 
to  the  large  number  of  stations,  the  hilly  nature  of  the  country,  and 
the  extreme  heat  of  the  weather,  which  was  most  exhausting  both  for 
men  and  horses,  this  work  was  somewhat  retarded,  but  in  the  last  three 
weeks  of  the  month  sixteen  tripod  signals  and  four  15-foot  scaffolds 
were  built.  More  time  was  lost  in  building  the  46-foot  tripod  and  scaf- 
fold at  "Meetinghouse  Hill,"  owing  to  the  inexperience  of  my  party  in 
heavy  carpenter  work,  and  I  found  it  necessary  to  again  employ  Mr. 
Willis  to  build  the  signals  at  "White"  and  " Centerville."  Owing  to 
other  conflicting  engagements,  he  was  unable  to  finish  them  as  promptly 
as  desired,  and  some  trouble  was  thus  occasioned.  I  was  obliged  to 
give  up  building  the  signal  at  "Londonderry"  on  account  of  the  unex- 
pected oppositi(m  of  the  owner  of  the  land.  This  person  had  offered 
no  objections  when  consulted  on  the  subject,  but  when  the  lumber 
dealers  were  ready  to  deliver  the  material  he  forbade  them  to  do  so,  and 
when  asked  for  an  explanation  demanded  an  extravagant  bonus  for  the 
j)rivilege  of  i^try.    In  view  of  the  delays  already  experienced,  it  was 
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decided  to  do  without  that  station  and  to  '^conclude"  the  trianj;:les  on 
the  reconnoitering  x)ole  which  was  standing  there,  a  correction  being 
applied  to  each  angle  for  eccentricity  of  the  pole. 

Tliough  less  satisfactory  than  if  tlie  station  had  been  occupied,  this 
method  gave  very  good  results. 

The  dense  haze  which  prevailed  throughout  September  was  most 
unfavorable  for  observations  of  angles,  and  but  little  such  work  could 
be  done. 

The  same  trouble  continued  throughout  October,  and  on  the  rare 
occasions  when  the  air  was  somewhat  clearer  the  wind  was  so  violent 
as  to  prevent  work.  Though  every  i)ossible  opportunity  was  utilized 
to  advance  the  work,  it  was  often  impossible  to  see  stations  only  1  or 
2  miles  away,  and  many  of  the  lines  were  6  or  8  miles  long.  Under 
these  adverse  conditions  observations  were  made  as  rapidly  as  pos- 
sible, work  being  continued  till  after  sunset  whenever  any  signals 
could  be  seen. 

Early  in  November,  having  made  a  preliminary  computation  of  the 
elements  of  the  curve  from  the  i)artially  completed  observations,  I  began 
to  lay  out  the  line  upon  the  ground.  This  line,  which  Messrs.  Smith 
and  Farra  had  agreed  to  recommend  to  the  commission,  was  composed 
of  parts  of  two  circles,  the  eastern  part  of  such  a  radius  that  it  won  Id 
pass  through  the  three  guiding  points — the  "Ruins,"  the  "Concord- 
Bethel"  tree,  and  the  "  Kennett-Pennsbury"  stumx) — and  the  western 
part  of  such  a  radius  that,  having  a  common  tangent  with  the  other 
at  "Kennett-Pennsbury,"  it  should  pass  through  the  point  at  which 
the  eastern  prolongation  of  the  northern  boundaryof  Maryland,  consid- 
ered as  a  parallel  of  latitude  through  the  corner  stone,  would  cut  the 
true  12-mile  circle  around  Newcastle  court-house. 

The  weather  now  turned  cold,  with  much  rain  and  some  snow,  but 
the  work  was  pushed  as  fast  as  possible.  One  great  trouble  in  tliis 
work,  as  in  the  triangulation,  was  the  obstruction  caused  by  woods.  In 
the  surveys  of  Mason  and  Dixon  and  of  Colonel  (Irahain  clear  lines  of 
sight  were  opened  through  the  woods  and  no  compensation  was  made; 
but  in  this  survey  the  commission  objected  to  cutting  trees  if  it  cimld 
])ossibly  bo  avoided,  and  when  it  sometimes  became  necessary  to  clear 
a  little,  some  of  the  landowners  demanded  exorbitant  damages. 

The  work  of  running  the  line  was  thus  continued,  with  observations 
of  horizontal  angles  at  intervals,  as  the  weather  ])ermitted,  until  the 
20th  day  of  January,  when  the  preliminary  marking  of  the  line  was 
completed.  On  account  of  the  almost  arctic  severity  of  the  weather 
prevailing  at  that  time  and  for  several  weeks  before,  work  was  then 
suspended  until  such  time  as  the  commission  might  select  for  their 
inspection  of  the  line. 

In  the  meantime  the  initial  and  terminal  monuments  had  been  erected 
earlj^  in  December,  their  positions  having  been  carefully  deternnned. 
Each  stone  was  securely  planted  in  a  pit  filled  in  around  it  with  a  cim- 
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Crete  base  of  broken  stone  and  cement.  The  stones  for  marking  the 
first  13  miles  of  the  line  were  put  on  the  ground  ready  for  setting 
before  the  worst  weather  set  in  and  prevented  the  delivery  of  the 
remainder  for  some  time. 

The  winter  weather  during  the  last  month  of  the  work  was  of  almost 
unprecedented  severity  for  that  latitude,  the  temperature  for  many 
days  at  no  time  rising  above  the  freezing  point  and  failing  to  35^  or 
40^  F.  below  freezing  at  night. 

The  deep  snow,  remaining  a  fine,  dry  powder  in  this  intense  cold, 
was  continually  blown  through  the  air  in  blinding  clouds  by  the  high 
winds  which  prevailed,  and  many  of  the  roads  were  completely  blocked 
to  travel  by  the  drifts  thus  formed. 

Field  work  under  such  conditions  was  attended  by  many  hardships, 
but  was  continued  until  each  of  the  monument  stations  had  been 
marked. 

After  the  suspension  of  field  work  above  referred  to,  J  returned  to 
Washington  and  was  occupied  with  ottice  work  while  waiting  for  the 
joint  commission  to  inspect  the  line  and  to  listen  to  any  objections 
which  might  be  advanced  against  approving  it. 

It  seemed  to  be  the  opinion  of  the  State  surveyors  that  the  com- 
mission would  perhaps  make  local  modifications  of  the  line  in  order  to 
meet  the  views  of  the  inhabitants. 

Unfortunately,  the  weather  during  February  continued  too  severe 
for  this  inspection  to  be  made  by  the  commission,  and  early  in  March  I 
received  new  instructions  directing  me  to  ])repare  for  duty  on  the  sur- 
vey of  the  boundary  of  southeastern  Alaska. 

After  communicating  with  Messrs.  Smith  and  Farra  and  finding  that 
it  would  be  impossible  to  secure  the  inspection  by  the  commission 
before  the  date  on  which  it  would  become  necessary  for  me  to  start  for 
the  western  coast,  I  returned  to  Delaware  and  went  over  the  line  with 
the  State  surveyors,  pointing  out  the  x)osition  of  the  stubs  and  putting 
in  additional  reference  marks,  etc. 

Owing  to  the  limited  time  at  my  disi)osal,  I  was  not  able  to  fiilly 
apply  a  system  of  refined  checks  to  test  the  exact  positions  of  the 
monuments,  which  I  had  intended  to  employ  if  the  commission  decided 
not  to  move  the  line  laid  out.  All  of  these  positions,  however,  are 
undoubtedly  quite  near  their  true  values,  especially  where  the  work 
was  controlled  by  tiiangulation  for  16  miles  from  the  initial  point. 

Between  the  10-mile  ])oint  and  the  22inile  ijoint  there  was  no  trian- 
gulation,  and  the  preliminary  line  had  been  run  out  with  a  transit  by 
hall-mile  chords  measured  by  telemeter. 

This  method,  while  rapid  and  close  enough  for  preliminary  work,  was 
somewhat  lacking  in  precision,  and  1  had  intended  to  check  it  in  case 
the  commission  wished  to  adhere  to  the  circle  by  running  out  th(*  long 
chord  between  the  ends  of  this  6-mile  arc  and  then  laying  off  rectan- 
gular ordinates  from  the  chord  to  the  monument  stations. 
S.  Ex.  ly,  pt.  2 14 
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Finding  now  that  I  should  not  have  time  to  do  this  myself,  I  submit- 
ted the  question  to  Messrs.  Smith  and  Farra  for  their  decision  as  to 
whether  this  work  should  be  left  to  them  after  the  inspection  by  the 
commission  or  whether  some  person  should  be  employed  to  do  it  at 
once  under  my  direction. 

They  i)referred  the  latter  course,  and  I  engaged  for  the  ])urpose  Mr. 
W.  B.  Carswell,  of  Wilmington,  the  only  surveyor  whom  I  could  obtain 
at  once.  He  had  not  finished  his  work  when  1  had  to  start  for  Alaska, 
and  I  was  therefore  compelled  to  turn  him  over  to  the  supervision  of 
Messrs.  Smith  and  Farra.  1  was  later  informed  by  Mr.  Smith  that 
after  becoming  involved  in  some  serious  errors  Mr.  Carswell  hfid  cor- 
rected his  work  and  it  had  been  accepted. 

I  left  the  boundary  on  the  1st  of  April,  and  immediately  afterwards 
the  remainder  of  the  monuments  were  delivered  on  the  ground  under 
the  supervision  of  a  member  of  my  party. 

A  few  days  later  the  joint  commission  went  over  the  line^  and  after 
hearing  the  protests  of  some  of  the    dissatisfied  inhabitants  of  the 
border  strip  decided  to  accept  the  l)ouiid  ary  as  staked  out.    The  monu- 
ments at  the  mile  and  half-mile  points    were  planted   immediately   * 
afterwards. 

The  work  thus  completed  was  one  that  ga\  e  me  nuich  labor  and 
anxiety.  It  would  have  perhaps  been  more  satisfactorily  arranged  in 
two  seasons,  the  first  for  the  reconnaissance  and  the  triangulation,  and 
then,  after  the  complete  reduction  of  the  observations  and  the  compu- 
tation of  the  results,  a  second  shorter  season  for  laying  out  and  mark- 
ing the  line. 

As  it  was,  I  was  comi)elled,  while  engrossed  and  exhausted  with  the 
field  work,  to  reduce  my  work  and  go  through  the  voluminous  (x>mpu- 
tations  necessary  to  <5ompute  the  curves  and  to  provide  for  their  loca- 
tion. This  work  was,  for  the  most  i)art,  done  at  night,  so  as  not  to 
interfere  with  the  field  work. 

These  computations  moreover  had  U)  be  revised  from  time  to  time 
as  additional  observations  were  obtained,  since  in  order  to  meet  the 
callsof  the  commission  for  immediate  results  preliminary  computations 
had  to  be  made  fiom  reconnoitering  angles. 

Throughout  the  season  neither  1  nor  the  members  of  my  i)arty  spared 
our  best  endeavors  to  advance  the  progress  of  the  work,  and  while  it 
took  nnicli  longer  than  was  originally  expect<5d,  the  increased  time  was 
due  in  x)art  to  the  fact  that  the  large  amount  of  real  work  to  be  done 
was  not  understood  or  appreciated  in  the  beginning  and  in  part  to  a 
series  of  unfortunate  circumstances  quite  beyond  my  control. 

Having  thus  revie\vc<i  the  i)rincipal  features  of  my  survey,  1  will  pro- 
ceed to  exidain  with  som(^  detail  the  methods  of*  ol)servati<)n,  of  com- 
]uitation,  and  of  loeati<m  of  monuments. 

As  already  stated,  the  reconnaissance  was  made  with  the  plane  table, 
siipi)lemcnte(l  by  other  instruments.  The  angular  measures  were  nuule 
with  Repeating  Theodolite  Xo.  15.'^,  an  excellent  instrument,  having  au 
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Sinch  horizontal  circle  divided  to  five  minutes  of  arc  and  provided 
with  three  e^iuidistant  verniers  which  read  to  five  seconds  of  arc.  The 
telescope,  which  is  lifted  from  the  Y's  in  reversal,  has  an  object  glass 
of  2  inches  diameter,  a  focal  length  of  10  inches,  and  a  magnifying 
power  of  about  22  diameters.  Another  eyepiece  of  higher  power  was 
provided,  but  was  rarely,  used.  All  of  the  principal  angles  were  meas- 
ured in  sets  of  six  repetitions,  direct  and  reverse,  the  telescope  being 
reversed  in  the  middle  of  eacjh  set.  The  explement  (or  the  difference 
between  the  angle  and  360^)  was  always  measured  immediately  after 
the  angle  itself,  and  the  two  results  were  combined  to  one  by  applying 
the  correction  necessary  to  make  the  sum  of  the  two  equal  360o.  In 
general  all  the  possible  angles  at  each  station  were  measured  and  the 
results  were  combined  to  give  an  ai>proximate  station  adjustment. 
The  excellence  of  the  instrument  is  shown  by  the  small  corrections 
required  in  this  adjustment  as  well  as  by  the  small  errors  in  closing 
the  triangles. 

The  signals  were  carefully  (^entered,  and  gas-pii)e  i)ole«  of  2  inches 
diameter  were  used  on  tlie  shorter  lines,  as  combining  economy  and 
clearness  of  definition.  After  measuring  the  angles  the  sides  oi  the 
triangles  were  successively  computed,  starting  from  the  line  "London- 
derry" to  "Meetinghouse  Hill,"  used  as  a  base.  The  length  of  this 
line  is  22194-9"',  equal  to  72817-7  feet,  or  about  13-8  miles.  It  is  the 
kiigest  line  observed  in  the  work,  except  that  between  "Grays  Hill" 
and  "Centerville,"  which  is  over  3  miles  longer,  being  27753-6'",  or 
91054-6  feet. 

The  shortest  line  of  the  regular  scheme,  "Smith  to  Northeast  Corner 
of  Maryland,"  is  only  168*1"',  or  551-5  feet.  The  whole  number  of  trian- 
gles in  the  scheme  is  104,  of  which  22  belong  to  the  river  triangulation 
of  Assistant  R.  Meade  Bache,  executed  about  twelve  years  before. 

In  36  of  the  principal  triangles  of  my  work  the  largest  error  of 
closure  is  5"-4,  the  smallest  error  zero,  and  the  mean  error  was  l"-66. 

The  triangle  sides  are  computed  by  the  usual  formuhe  : 

b  =  a  sin  B  cosec  A;  c  =  a  sin  C  cosec  A; 

after  applying  the  corrections  for  spherical  excess  and  for  error  of 
closure. 

The  lengths  of  the  triangle  sides  having  been  computed,  the  latitude 
and  longitude  of  each  station  were  obtained  by  the  geodetic  formula) 

-d  L  =  K  cos  Z.B  +  K'  sin^  Z.C -^  (S  Lf  I)  -  //  h""  shi^  Z.E 
or     -d  L=:  K  cos  Z.B  +  Ki  sin-  Z.C  +  k'D,  for  short  lines; 

A' sin  Z,A' 

(!OS  // 

and  —  d  Z  =  d  M      \, 

COS  .,  d  I  J 

(U*     —  d  /  =  d  J/  sin  ^,  for  short  lines; 

the  derivations  of  which  formula?,  together  withtU^A^^viVvsv^  A^B^v:.^\>^V^^ 
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are  given  in  the  Appendix  No.  7  of  the  Report  of  the  Superintendent  of 
the  (3oa.st  and  Geodetic  Survey  for  the  year  1884. 

These  position  computations  depend  on  the  standard  dati^  for  "Meet- 
inghouse Hiir'  iind  *' Londonderry"  furnished  by  the  computing  division 
of  the  Coast  and  (ieodeti(5  Survey.  Each  station  was  twice  computed 
by  independent  determinations  from  different  i)oints  already  known  in 
order  to  obtain  a  comparison  and  avoid  errors. 

The  number  of  stations  so  computed  was  54.  Next,  fi'om  these  geo- 
gi'aphical  x>ositions  1  (M)mi)uted  by  the  "  inverse  sohition  "  of  the  geodetic 
formuKx*  the  position  of  the  point  which,  having  the  same  latitude  as 
the  northeast  corner  of  Maryland,  should  be  exactly  12  miles  from  the 
spire  of  Newcastle  court-house.  In  a  pre^'isely  similar  way  1  found  the 
distance  and  azimuth  of  this  initial  point  of  the  curve  fnmi  the  neigh- 
boring triangulation  point  "  Whiteman,"' established  for  this  special 
purpose,  and  with  these  values  known,  the  initial  i)oint  was  marked  on 
the  ground. 

By  the  same  inverse  solution  were  obtained  the  distances  and  direc- 
tions of  the  lines  joining  the  standard  points  of  the  curve,  as  follows: 
"Initial  point  to  Kennett-Pennsbury,"  "  Kennett-Pennsbury  to  Con- 
cord-Hethel,"  *•  Concord-Bethel  to  Ruins,'"  "Kuins  to  Kennett-Penns- 
bury."  Tlie  triangle  formed  by  the  last  three  lines  may  be  considered 
a  plane  triangle,  its  spherical  excess  being  less  than  one-tenth  of  a 
second  of  arc. 

The  radius  of  the  circumscribing  circle  may  then  be  computed  by  the 

fornmla 

S 

4  <-os  ,>  A  cos  .^  B  cos  .^  c 

t^  *^  m^ 

in  which  /S"  is  the  half  sum  of  the  three  sides  and  A,  B,  V  are  the  three 
angles  of  the  triangle. 

The  radius  thus  found  for  the  eastern  [)art  of  the  curve  is  20()2()-44"', 
equal  to  07652*3  feet,  orl2'81  miles.  The  angle  at  tiie  center  of  the 
curvature  between '^Kennett-Peiinsbury"  and  "iluins'' was  found  by 
the  formula 

.,.1  K  chord 

Jmii     in  =  - 

As  will  be  seen  by  the  iu*,romi)anying  figure,  the  ecjuul  angles  at  **  Ken- 

nett-Pennsbury''  and  "Euins," 
between  tiie  chord  and  the  radii, 
are  then  known,  each  being  equal 

to  90^  —  ^^  ip.    These  three  angles 

must  each  be  increased  by  one 
third  of  the  computed  spherical 
excess   to  obtain  the  true  spher- 
'q  ical  angles.    This  correction, 

however,  is  only  ()''v5  for  each  angle.     The  azimuth  of  the  center  of 
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curvature  from  each  extremity  of  the  arc  may  uext  be  obtained,  aud 
the  latitude  aud  longitude  of  that  point  may  be  computed. 

We  next  wish  to  find  the  radius  of  the  western  part  of  the  curve, 
which,  starting  trom  "Kennett-Pennsbury,"  with  a  tangent  common 
to  the  eastern  arc,  must  gra^lually  approach  the  true  12-mile  circle  until 
it  cuts  it  at  the  initial  xw>int.  Obvi(msly,  as  the  two  arcs  have  a  com- 
mon tangent  at  "Kennett-Peunsbury,-' their  centers  of  curvature  will 
lie  in  the  same  line  perpendicular  to  that  tangent.  Referring  once  more 
to  the  figure,  it  will  be  seen  that  the  angle  at  ^'  Kennett-Pennsbury" 
between  the  chord  of  the  arc  and  the  center  of  curvature  is  equal  to 
the  difference  of  azimuth  of  these  two  directions,  the  azimuths  of 
which  are  already  known.  The  corresponding  angle  at  the  initial  point 
has  the  same  value  and  the  angle  at  the  center  will  be  equal  to  the  dif- 
ference between  ISO*^  plus  the  spherical  excess  (seven-tenths  of  a  second) 
and  the  sum  of  the  above  angles.  The  chord  and  the  three  angles 
being  thus  known,  the  radius  is  readily  comi)uted  by  the  formula 

i  chord 
sm  i  6 

It  is  equal  to  18640-3"',  61155-6  feet,  or  about  11-58  miles. 

The  latitude  and  longitude  of  tbis  second  center  of  curvature  are 
computed  in  the  same  way  as  for  the  first. 

The  length  of  each  i)art  of  th<»  curve  was  computed  separately  by  the 

formula 

2;rr 
arcn-     n     ^ 

The  western  part  is  10-8977  miles  long  and  the  eastern  part  11-6749 
miles.  Thus  the  total  length  of  the  curve  is  22-5726  miles,  and  if  to 
this  we  add  the  distance  from  the  initial  point  to  the  northeast  corner 
of  Maryland,  which  is  0-7893  mile,  the  whole  length  (on  dry  land)  of 
the  boundary  between  Pennsylvunin  and  Delaware  is  found  to  be 
23-3619  miles. 

After  reaching  the  Delaware  the  circular  boundary  is  supposed  to 
continue  to  the  New  Jersey  shore,  as  Delaware  claims  all  of  the  water 
within  the  circle. 

The  angular  value  in  each  i)art  of  the  curve  of  an  arc  one  mile  long 
may  be  found  by  dividing  the  number  of  degrees  in  that  part  by  the 
length  of  the  same  in  miles.  For  half-mile  arcs  the  value  will  be  one- 
half  as  great.  As  the  boundary  monuments  are  one-Iialf  mile  apart, 
this  last  angle  is  equal  to  the  angle  of  deliection  from  each  chord  to  the 
next  one.  In  the  western  arc  it  equals  2°  28'  24"  and  in  the  eastern  arc 
20  14/09". 

The  chord  of  the  half-mile  arc  is  equal  to  twice  the  product  of  the 
radius  and  the  sine  of  one-half  the  angle  subtended  by  the  arc;  i.  e., 

c  h^^2r  sin  J  ^ 
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The  cbord  is  less  than  the  half  mile  by  0-20  foot  in  the  western  arc 
and  by  0-17  foot  in  the  eastern  arc. 

^Yactional  chords  are  computed  by  similar  methods.  The  geograph- 
ical positions  of  each  of  the  points  one-half  mile  apart  throughout  the 
curve,  counting  from  the  initial  point,  can  now  be  eomimted  by  the  aid 
of  the  data  obtained  as  above.  Then  by  the  *'  inverse  solution"  the 
distances  and  directions  of  these  monument  stations  from  the  triangu- 
lation  points  nearest  to  them  can  be  c()mi)uted. 

All  of  the  computations  above  described  will  be  found  in  fiill  in  Part 
IV  of  this  lleport. 

For  applying  the  results  of  these  computations  to  the  location  ui)on 
the  ground  of  the  positions  for  the  monuments  live  methods  were 
employed  at  different  times,  according  to  circumstances. 

The  first  method  was  to  put  up  a  flag  as  near  as  possible  to  the  prob- 
able i)oint  and  so  as  to  be  visible  from  two  stations  of  the  triangula- 
tion.  Tlie  flag  being  determined  from  these  known  points,  the  correction 
to  the  desired  point  of  the  curve  was  computed  and  applied. 

The  second  method  consisted  in  running  out  with  the  transit  two 
computed  azimuth  lines  from  neighboring  triangulation  points  to  the 
desired  point,  which  is  fixed  by  their  intersection. 

The  third  method  was  to  run  out  a  single  azimuth  line  sis  above,  and 
to  lay  off"  on  that  line  by  direct  measurement  or  by  resection  on  signals 
the  computed  distance  to  the  desired  point. 

The  fourth  method  was  to  run  out  the  curve  by  half-mile  chords, 
making  the  constant  deflection  at  the  end  of  each  chord. 

In  the  fifth  method  longer  chords  (of  1  and  6  miles)  were  run  out,  and 
the  intermediate  i)oints  were  determined  by  rectangular  offsets. 

The  engineer's  transit  with  which  this  work  was  done  was  unfortu- 
nately not  a  very  good  one,  the  transverse  plate  level  being  particularly 
unreliable;  but  it  was  sufficiently  good  for  the  preliminary  purposes 
intended  at  the  time. 

The  monuments,  except  the  initial  and  terminal,  the  setting  of  which 
has  been  described,  were  put  into  the  ground  by  contractors  after  I 
left  the  work. 

In  addition  to  the  above  work,  necessary  ibr  the  location  of  the  bound- 
ary line,  an  opx)ortunity  was  taken  during  hours  unsuitable  for  other 
work  todetermine  the  position  of  the  monument  at  the  ''tangent  point." 

This  determination  was  desirable  in  itself,  as  that  of  a  point  of  the 
great(»st  importance;  but  my  principal  reason  for  wishing  it  nnide  wjus 
the  desire  to  explain,  if  possible,  the  discrepancy  between  the  value 
given  by  Colonel  Graham  for  the  distant^e  from  the  <;(nner  of  Maryland 
to  the  12-mile  circle  and  that  which  1  found  to  exist. 

The  longitude  of  the  tangent  jmint  was  found  to  be  almost  identical 
With  the  longitude  of  the  northeast  corner  of  Maryland,  showing  that 
the  line  between  those  points  is  practically  a  meridian,  as  it  was 
intended  to  be.    The  distance  from  the  tangent  point  to  ^Newcastle 
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court-house  proved  to  be  considerably  longer  tlian  it  had  been  consid- 
ered, being  about  108  feet  more  than  12  miles  and  110  feet  more  than 
the  valne  obtained  by  Colonel  Graham.  His  results  were  apparently 
deduced  from  insufficient  data,  and  as  he  does  not  give  his  method  it  is 
difficult  to  see  how  he  obtained  such  figures  for  this  line  and  for  the 
other  distances  relating  to  the  circle  which  he  furnished. 

The  above  correction  in  the  distance  from  the  court-house  to  the  tan- 
gent i>oint,  however,  will  no  doubt  accx)unt  for  a  large  part  of  the  dis- 
crepancy. 

From  this  it  will  be  seen  that  the  whole  of  the  Maryland  boundary 
is  outside  of  the  true  12inile  circle  and  that  the  Pennsylvania  boundary 
touches  that  circle  only  at  the  initial  point  of  the  curve. 
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general  report. 

United  States  Coast  and  Geodetic  Survey, 

Washington^  D.  C,  February  28 j  1894. 

Sir  :  The  Geodetic  Conference  called  by  you  convened  at  Washing- 
ton  on  January  9, 1894.  The  details  of  its  organization  are  appended 
as  a  preface  to  the  reiM)rts  of  the  committees  to  which  the  duty  was 
assigned  of  collating  necessary  facts  and  formulating  them  for  the  con- 
sideration of  the  Conference. 

An  invitation  was  extended  to  members  of  the  oflSce  and  field  force 
not  members  of  the  Conference,  as  well  as  to  others  interested  in  the 
subjects  under  consideration,  to  give  expression  to  their  views  on  mat- 
ters relating  to  the  geodetic  operations  of  the  Survey. 

The  Conference  desires  here  to  make  grateful  acknowledgment  to 
those  who  responded  in  writing,  as  well  as  to  those  who,  by  personal 
attendance  and  verbal  communications,  gave  their  valuable  time. 

Professor  Harkness,  U.  S.  N.,  addressed  the  Conference  on  the  various 
methods  of  determining  the  earth's  figure.  Professor  Woodward,  of 
Columbia  College,  New  York,  gave  an  account  of  base  measurement 
with  steel  tapes,  and  discussed,  in  response  to  questions,  various  sub- 
jects relating  to  the  work  of  the  Survey.  Professor  Gore,  of  Columbian 
University,  Washington,  D.  C,  evinced  his  interest  by  being  present 
at  several  meetings,  in  which  he  took  part,  while  Professors  Buehanan, 
of  Tennessee,  and  Hoag,  of  Minnesota,  Acting  Assistants,  United  States 
Coast  and  Geodetic  Survey,  shared  the  labors  of  the  Conference  for 
part  of  the  time  during  which  it  was  in  session. 

The  task  assigned  to  the  members  of  the  Conference  was  the  consid- 
eration of  the  geodetic  methods  as  now  practiced,  the  discussion  of  the 
ax)plication  of  these  methods  to  the  duties  assigned  by  law  to  the  Coast 
and  Geodetic  Survey,  and  the  comparison  of  the  means  employed  in 
foreign  countries  for  similar  purposes,  with  the  object  of  suggesting 
improvements  in  regard  to  accuracy  and  economy. 

The  general  plan  of  the  geodetic  operations  followed  by  the  Survey 
is  that  outlined  by  Mr.  F.  R.  Hassler  and  approved  by  President  Jeffer- 
son and  Mr.  Madison,  Secretary  of  State,  and  subsequently  prescribed 
by  law  in  the  "Basis  for  the  reorganization  of  the  Survey"  (approved 
by  President  Tyler,  March,  1845). 


230  U.  8.  COAST  AND  GEODETIC  SURVEY. 

The  wise  prevision  of  those  who  promoted  and  approved  these  plans 
has  been  shown  in  this,  that  the  latter  proved  themselves  sufficient, 
witboat  material  modification,  to  meet  the  changed  conditions  caased 
by  the  accjuisition  of  new  coast  line  by  the  United  States,  the  exten- 
sion of  the  triaiigolation  inland,  and  for  the  determination  of  geograph- 
ical positions  in  the  interior. 

In  the  early  days  of  onr  Eepublic  the  great  migration  of  peoples  in 
and  to  the  United  States,  and  the  settling  of  vast  areas  hardly  known 
previously  to  geography,  rendered  a  sole  reliance  on  geodetic  methods 
inapplicable  to  surveys,  the  main  purpose  of  which  was  the  demarca- 
tion of  Government  lands  for  settlement.  To  meet  the  necessities  of 
the  case  the  excellent  system  of  rectangular  land  surveys  was  applied, 
which  is  well  adapted  to  the  large  areas  of  level  laud  in  this  country. 
For  certain  purposes  it  is,  however,  insufficient,  as  shown  by  the  impor- 
tant trigonometric  surveys  of  the  Mississippi  and  Missouri  rivers,  where 
systematic  improvements  ordered  by  Congress  could  only  be  based  on 
extensive  and  accurately  correlated  and  detailed  surveys,  and  where, 
therefore,  trigonometric  methods  were  found  necessary  in  order  to  sup- 
plement the  system  and  adapt  it  to  the  ordinary  use  for  which  surveys 
are  made.  The  older  States  neither  received  nor  required  the  rectan- 
gular subdivision,  and,  therefore,  such  States,  using  the  work  done  by 
the  Survey  as  a  basis,  have  adopted  the  trigonometric  method,  wliich, 
moreover,  is  also  being  applied  in  States  subdivided  on  the  rectangular 
plan. 

In  view  of  these  facts,  and  of  the  experience  of  all  European  coun- 
tries, not  to  mention  India,  the  French  possessions  in  northern  Africa, 
the  English  in  southern  Africa,  and  the  Dutch  East  Indies,  that  trig- 
onometric surveys  are  necessary,  it  seems  safe  to  assume  that  the 
inland  geodetic  operations  of  this  Survey  will,  in  addition  to  meeting 
an  existing  demand,  benefit  future  generations  in  this  country  as  much 
as  those  along  the  coasts  have  already  benefited  the  present. 

The  practical  bearing  of  these  views  on  the  subjects  submitted  to 
the  consideration  of  the  Conference  has  been  taken  into  account  in  the 
discussion  of  all  the  questions  as  to  the  location  of  the  trigonometric 
schemes  already  called  for  in  the  work  of  the  Survey,  as  well  as  those 
likely  to  be  required  for  the  purpose  of  relating  the  local  sui'veys  to 
the  general  map  of  the  country. 

The  need  of  association  of  bodies  pursuing  the  higher  branches  of 
culture  in  the  various  countries  was  early  felt  in  the  case  of  geodesy, 
and  it  must  be  considered  fortunate  and  beneficial  for  both  parties  that 
the  United  States,  by  the  liberality  of  Congress  in  1889,  was  able  to 
join  the  International  Geodetic  Association  for  the  determination  of 
the  earth's  figure  and  size,  and  thus  add  its  influence  and  contribute 
its  share  toward  the  realization  of  this  object.  It  must  not  be  sup- 
posed that  the  labors  of  this  organization  were  rather  theoretical  than 
practical.    On  the  contrary,  their  eminently  practical  character  throws 
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light  on  all  branches  of  geodesy  and  sarveyiug;  and  it  was  made  the 
duty  of  the  Conference  convened  by  yon,  and  one  of  its  objects,  to  com- 
pare the  various  methods  pursued  by  other  nations  with  those  used  at 
home. 

The  Conference  has  applied  itself  to  this  labor  with  a  view  of  point- 
ing out  the  means  by  which,  or  directions  in  which,  the  system  pursued 
by  the  Survey  would  in  any  way  be  improved  in  accuracy  and  rapidity 
of  work  as  well  as  in  economy,  so  as  to  produce  results  at  once  available 
as  well  as  enduring. 

The  subject-matter  submitted  to  the  Conference  comprises  a  wide 
range  of  applied  science,  dealing  with  the  geodetic  (inclusive  of  hyp- 
sometry),  the  astronomic,  the  magnetic,  and  the  gravitation  work  of 
the  Survey.  The  suggestions  made  as  the  outcome  of  the  delibera- 
tions cover  not  only  the  present  conditions  of  the  work,  but  prepare 
the  way  for  such  future  work  as  the  legitimate  development  of  the 
Survey  would  seem  to  demand. 

To  expedite  business  and  to  secure  its  best  consideration  the  Con- 
ference distributed  the  work  among  a  number  of  committees,  as  already 
stated,  particularly  selected  to  include  those  members  who  had  more 
special  knowledge  or  experience  of  the  subject  assigned  to  them.  The 
members  of  each  committee  contributed  to  the  preparation  of  the 
report,  which,  after  full  discussion,  was  submitted  by  its  chairman  to 
the  conference  at  large,  where  it  received  its  final  consideration  before 
adoption  by  a  majority  vote. 

The  committee  reports  thus  prepared  will  be  submitted  in  full.  The 
deductions  drawn  from  them  by  the  Conference  and  the  conclusions 
reached  are  herewith  briefly  stated  for  your  convenience.  The  reasons 
for  them  can,  in  general,  be  gathered  from  the  reports  themselves, 
though  many  facts  and  details  which  were  considered  have  not  found 
a  place  in  them. 

ABSTRACT  OF  REPORT  OF  THE  COMMITTEE  ON  RECONNAISSANCE. 

« 

The  committee  uses  the  term  "reconnaissance"  to  embrace  all  those 
investigations  of  a  region  to  bo  triangulated  which  precede  the  field 
work,  base  measurement,  and  the  measurement  of  angles,  and  to  com- 
prise the  selection  of  the  most  feasible  chain  or  network  of  geometric 
figures,  the  location  of  base  lines,  the  character  of  the  necessary  prepara- 
tions, and  the  collection  of  information  concerning  the  facilities  avail- 
able for  carrying  out  the  proposed  scheme. 

All  reconnaissance  should  be  thorough  and  exhaustive,  and  develop 
all  possible  schemes  of  triangulation.  It  should  afford  infoi^mation  by 
which  economy  and  rapidity  of  execution  can  be  obtained.  When 
exhaustive,  it  will  lead  to  the  simplification  of  the  geometric  figures. 
In  no  case  should  geometric  elegance  of  a  scheme  be  sought  at  the 
expense  of  reasonable  economy.  In  the  interior  of  the  country  the 
highest  peaks  are  frequently  covered  with  clouds  and  should  not  be 
used  as  triangulation  points  if  it  can  be  avoided* 
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A  simple  chain  of  triangles  is  recommended  as  the  moat  easily  adapted 
to  the  most  comjilex  orography.  Pentagons  or  quadrilaterals,  with 
central  ixoints^  also  readily  conform  to  the  configuration  of  the  country, 
however  complex  or  difficult  it  may  seem. 

It  is  recommended  that  sites  for  the  location  of  bases  should  be  looked 
for  at  every  eighth  to  tenth  figure  of  the  scheme  of  triangulation,  accord- 
ing to  its  character  and  scope. 

Before  taking  the  field  the  officer  should  study  all  available  maps  of 
the  region  and  familiarize  himself  with  the  lines  of  travel,  locations 
of  towns  and  villages. 

Notes  in  the  field  can  not  be  too  full.  Horizontal  and  vertical  meas- 
ures should  be  taken  on  all  prominent  objects.  Approximate  latitudes 
and  azimuths  should  be  observed,  as  well  as  the  magnetic  bearings  of 
every  notable  object.  The  entire  horizon  should  be  sketched,  and  rough 
topographical  sketches  made  to  show  main  ridges,  water  courses,  etc. 

The  atmospheric  conditions  should  be  noted  and  the  facilities  for 
obtaining  water  and  forage. 

The  committee  concludes  with  some  suggestions  in  regaixl  to  instru- 
mental outfit. 

ABSTBACT  OF  REPORT  OF   THE   (^OMMITTEE   ON  BASE  LINES. 

The  committee  cljissifies  the  base  apparatus  in  use  under  tliroe  general 
heads : 

Contact  apparatus,  comprising  compensating,  bimetallic,  and  mono 
metallic  bars. 

0])tical  apparatus,  <*omi>rising  biniotanic,  monometallic,  and  bars  in 
melting  ice. 

Steel  tai)c  and  wire  apparatus. 

They  then  give  a  condensed  statement  of  recent  measures  in  Europe 
and  India. 

Brief  descriptions,  instances  of  their  application  and  possibilities, 
are  given  for  the  Colby,  Bessel,  Brunner,  Struve,  Austrian,  and  United 
States  Lake  Survey  Bepsold  apparatus.  The  various  forms  of  apparatus 
used  on  or  devised  for  the  Coast  and  Geodetic  Survey  are  mentioned, 
such  as  tin?  Ilassler  bar,  the  Jiiujlie-Wurdemann,  the  Schott,  the  second- 
ary contact,  the  Woodward  steel  bar  in  melting  ice,  the  Eimbeck 
dui)lex,  and  the  steel  tape*.  As  detailed  descriptions  of  all  these  forms 
appear  in  the  (3oast  Survey  rejiorts,  they  are  not  rejiejited  here,  but 
their  principles  are  stated,  results  of  their  use,  and,  when  possible, 
instances  of  their  <;omparative  uses  are  quoted  and  recommendations 
made  concerning  the  parti(!ular  classes  of  bases  they  are  adjipted  for. 

Foreign  reports  do  not  contain  sufficient  data  upon  whicth  to  base 
statement  of  cost,  and  only  in  two  instances  do  we  find  any  record  of 
the  number  of  officers  and  men  required  for  a  measurement  abroad. 

Of  the  more  recent  forms  of  apparatus  tried  at  the  Coast  and  Geo- 
detic Survey,  jiarticular  mention  is  made  of  the  Woodward  steel  bar 
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in  melting  ioe,  used  in  foar  measures  of  one  kilometre  of  the  Holton  Base, 
with  this  expression  of  opinion :  <^  The  salient  fleicts  resulting  from  the 
experiments  made,  then,  appear  to  be  that  with  the  5*"  steel  bar  in 
melting  ice,  whereby  the  temperature  error  is  eliminated,  a  base  line 
can  be  measured  with  a  degree  of  accuracy  hitherto  unapproached.  In 
economy  of  operation  it  is  little,  if  any,  inferior  to  the  Brunner  appa- 
ratus now  used  abroad.'' 

An  account  is  given  of  the  details  and  results  of  the  measurement 
of  the  Holton  Base  with  the  secondary  contact  slide  apparatus  and  the 
steel  tape.  The  committee  considers  that  with  the  contact  slide  appa- 
ratus a  degree  of  precision  is  obtained  beyond  the  needs  of  the  triangu- 
lation,  and  the  contact  slide  is  commended.  The  cost  of  measuring 
with  the  secondary  contact  slide  apparatus  is  about  the  same  as  that 
with  the  tape. 

In  the  description  of  the  steel  tapes  used  on  the  Holton  Base  the 
opinion  is  expressed  that,  "  carefully  and  judiciously  handled,  the  steel 
tape  apparatus  will  doubtless  attain  good  standing  throughout  the 
United  States,  where  so  many  extensive  and  independent  surveys  are 
being  carried  on,  and  especially  in  all  newly  undertaken  projects." 

Comparisons  of  the  earlier  and  later  base  measurements  of  the  Coast 
and  Geodetic  Survey  are  given,  and  notes  on  the  site  of  the  base  lines 
and  the  procedure  of  field  organization  and  measurements. 

The  accuracy  attainable  in  base  measurements  is  based  upon  practice 
in  the  field,  comparison  with  the  standard,  and  the  accuitu^y  of  the 
new  metric  prototypes.  After  enumerating  the  conditions  under  which 
comparisons  of  standards  are  made,  the  committee  says: 

We  may  coTichide  that  no  geodetic  standard  can  be  known  with  a  higher  degree 
of  accuracy  than  1  part  in  5  000  000  of  its  length,  in  terms  of  the  international  unit. 

That  it  is  possible  to  measure  a  base  line  repeatedly  with  the  same  apparatus  with 
a  surprising  accordance  between  measures  indicates  that  the  elimination  of  accidental 
errors  has  been  successfully  met  by  the  different  apparatus  in  use,  and  it  is  also 
believed  that  the  various  methods  of  observing  successive  lengths  of  the  same  bar 
or  systems  of  bars  are  sufficiently  precise. 

On  the  other  hand,  that  constant  errors  exist  which  are  in  the  main  dne  to  a 
defective  knowle<lge  of  the  temperature  of  the  bars  is  a  fact  commonly  assumed,  or 
proven  by  the  lag  of  mercurial  or  bimetallic  thermometers  used  on  various  apparatus. 
These  constant  errors  are  not  easily  determined,  but  are  now  the  principal  sourccHS 
of  errors. 

Examples  of  recent  measurements  and  discrepancies  are  given.  Ko 
definite  limit  is  assigned  to  the  degreeof  accuracy,  because  the  measure 
of  a  base  line  dei)eiids  largely  on  the  object  it  has  to  subserve  and  on 
the  apparatus,  time,  and  money  available. 

The  performance  of  the  contact  slide  in  its  vjirious  adaptations  now 
in  use  on  this  Survey,  as  well  as  that  of  the  tape,  warrant  the  conclu- 
sion that  our  present  methods  of  measuring  bases  are  unexcelled  in 
l>oint  of  economy,  rapidity,  and  accuracy. 
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"With  the  perfection  of  means  now  available  a  line  may  be  readily 
measured  with  a  probable  error  of  1:1  000  000,  so  far  as  mere  measure- 
ment is  concerned."  But  this  accuracy  is  rapidly  dissipated  by  the 
known  and  unknown  errors,  and  especially  through  the  three  or  more 
steps  in  the  triangulation  required  to  reach  the  first  line  of  average 
length.  Great  accuracy  in  the  angular  measurements  is  needed  if  an 
error  of  1:150  000  is  to  be  maintained  throughout  the  network  of 
triangulation. 

For  secondary  triangulation  the  fraction  of  the  length  1 :  100  000  to 
1 :50  000  may  be  suitable,  and  the  degree  of  accuracy  in  the  base  may  be 
graduated  accordingly. 

For  tertiary  triangulation  an  average  uncertainty  or  limit  of  1 :  10  000, 
or  even  1:5000  may  be  allowable  for  the  special  purpose  of  the  work. 

The  subject  of  frequency  of  base  lines  is  referred  to  by  this  and 
another  committee. 

It  is  recommended  that  whenever  the  steel  tape  is  used  in  primary 
work  at  least  four  measurements  be  made  and  each  section  be  meas- 
ured under  rising  and  falling  temperatures.-  It  is  particularly  recom- 
mended that  all  base  lines  bcmeasured  at  least  twice. 

In  conclusion,  the  committee  recommends — 

That  further  experiments  with  the  steel  tape  be  made,  especially 
with  a  view  to  a  better  determination  of  its  temperature.  This  recom- 
mendation seems  to  be  warranted  by  the  results  of  the  measurements 
of  the  Holton  Base. 

2.  That  the  new  duplex  apparatus  just  completed  by  the  Survey  be 
given  a  thorough  and  careful  trial  as  soon  as  practicable. 

3.  That  the  iced  bar  be  used  to  lay  off  a  100™  distance  as  a  compara- 
tor at  the  bases  where  the  above  recommendations  are  followed. 

4.  That  in  all  measurement  due  regard  be  paid  to  rising  and  falling 
temperatures,  so  as  to  eliminate  as  much  as  possible  the  errors  due  to 
lack  of  knowledge  of  temperature  of  the  measuring  apparatus. 

5.  That  the  tripods  for  supporting  bars  be  made  of  metal,  and  embrace 
the  details  which  experience  has  shown  to  be  conducive  to  accuracy  and 
rapidity  of  measurement. 

6.  That  ordinarily  the  base  line  be  divided  into  sections  one-half 
kilometre  in  length. 

7.  That  a  100"*  comparator  be  established  in  Washington  for  the  pur- 
pose of  testing  steel  tapes  and  contact  slide  apparatus. 

8.  That  in  future  use  of  the  iced  steel  bar  the  water  in  the  Y  trough 
be  not  drained  off  below  the  surface  of  the  bar,  in  order  to  remove  any 
possibility  of  doubt  as  to  the  actual  temperature  of-  the  bar. 

ABSTRACT  OF  THE  KErOKT  OF  THE  COMMITTEE  ON  TRIANGULATION. 

The  committee  has  classified  the  various  subject-matters  discussed 
by  it  under  eighteen  heads,  with  a  map  to  exhibit  the  area  of  triangu- 
lations  already  executed,  that  under  progress,  and  projected  lines. 
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The  principal  subjects  are:  the  object  of  triangalation;  classification; 
luaiu  aud  primary,  secondary  and  tertiary  triangulations;  adaptation  to 
the  surface  of  the  ground ;  general  form  of  main  triangulation ;  geomet- 
rical composition  of  a  triangulation ;  frequency  aud  length  of  base  lines 
and  their  connection  with  the  triangulation;  accuracy  of  a  triangula- 
tion, and  comparisons  with  foreign  work;  international  and  interstate 
boundaries.  Then  follow  instrumental  outfit,  method  of  observation, 
marking  stations,  signals,  etc. 

In  the  execution  of  a  scheme  of  triangulation  the  character  of  the 
work  will  range  from  what  is  purely  geodetic  to  plane  surveying. 

The  main  triangulation  comprises  the  principal  series  of  geometrical 
figures  which  compass  along  the  shortest  line  the  whole  extent  of  ter- 
ritory under  consideration.  The  subordinate  divisions,  with  i)rimary, 
secondary,  and  tertiary,  are  more  technical.  The  primary  is  character- 
ized by  the  greatest  development  of  length  of  sides  and  by  the  greatest 
accuracy  of  measurement,  wherein  the  geodetic  positions  depend  on  the 
mean  of  numerous  astronomical  latitudes,  longitudes,  and  azimuths,  and 
the  initial,  intermediate  and  terminal  base  lines  are  directly  measured. 
The  committee  recommends  that  observations  for  latitude  and  azimuth 
be  made  according  to  the  character  of  the  project.  In  the  primary 
triangulation  these  have  been  in  some  localities  made  at  every  station, 
but  frequently  every' other  station  has  been  so  occupied.  Further 
particulars  are  enumerated,  and  then  follow  descriptions  of  the  other 
schemes.  « 

The  frequency  and  length  of  base  lines  and  their  connection  with  the 
triangulation  depend  not  only  upon  the  orographical  features  of  the 
country,  but  upon  the  required  accuracy  of  the  triangulation.  Because 
base  lines  can  be  measured  with  much  greater  accuracy  than  the  trian- 
gulation can  maintain,  it  is  recommended  to  increase  the  number  of 
base  lines  rather  than  to  increase  their  length. 

In  arriving  at  the  desirable  accuracy  of  a  triangulation  the  object 
of  the  work  must  be  considered.  From  an  economical  standpoint  the 
degrees  of  accuracy  in  the  measurement  of  a  base  line  for  different  proj- 
ects are  given,  ranging  from  1 :  200  000  to  1 : 1 000  000  or  a  still  smaller 
fraction.  But  to  maintain  an  accuracy  of  1 :  150  000,  or  even  1 :  100  000 
part  of  the  length,  is  a  matter  of  difficulty  in  an  extended  triangulation. 

The  accuracy  of  the  base  is  rapidly  dissipated  in  the  adjacent  base 
figures  and  hence  it  is  riot  exi)edient  to  strain  after  excessive  refinement 
in  base  measurement. 

The  committee  then  examines  7^  triangles  of  the  main  and  primary 
triangulation,  and  shows  that  the  work  of  the  United  States  Coast  and 
Geodetic  Survey  stands  well  in  the  front  rank.  In  the  triangulation 
just  referred  to,  the  Survey  inaugurated  a  scheme  on  a  scale  so  large 
that  there  was  no  previous  experience  to  guide  it  or  suggest  the  attain- 
able accuracy  of  the  work.    A  critical  consideration  of  the  angle  meas- 
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ABSTRACT  OF  REPORT  OF  ASTRONOMICAL  COMMITTEE. 

The  committee  has  called  attention  to  the  various  methods  of  deter- 
mining longitude  as  required  for  different  purposes  and  suited  to  differ- 
ent conditions.  The  most  important  of  these  is  the  telegraphic  method, 
which  was  introduced  by  the  Coast  Survey.  The  mode  of  operation 
was  much  simplified  in  1878,  and  a  brief  method  of  field  computation 
adopted.  The  number  of  nights  of  observations  required  is  stated  to 
be  from  six  to  ten,  the  observers  exchanging  places.  Comparisons  with 
the  results  obtained  in  foreign  countries  show  that  the  Survey  main- 
tains an  equally  high  standard,  even  when  the  number  of  nights  has 
been  but  one-half  of  that  used  abroad. 

The  expense  of  operating  a  longitude  party  with  the  present  outfit 
has  been  reduced  to  a  minimum,  and  without  the  extension  of  time  at 
a  station  observations  are  also  made  for  latitude  and  the  magnetic  ele- 
ments. With  the  addition  of  another  observer  to  the  party  it  is  pro- 
posed to  observe  for  gravity. 

The  committee  suggests  that  the  longitudes  of  the  Aleutian  Islands 
may  be  determined  by  the  use  of  terrestrial  signals  and  the  local  time  at 
difterent  stations,  and  that  the  chain  be  subdivided  and  certain  stations 
connected  clironometrically  with  Sitka  as  the  base  station.  This  method 
is  recommended. 

For  latitude  observations  the  committee  has  shown  that  the  number 
of  pairs  of  stars  and  the  number  of  nights  of  observations  have  been 
gradually  decreased  on  the  Survey.  This  has  arisen  in  a  large  measure 
from  the  better  determinations  of  the  star  places  as  given  in  the  later 
catalogues.  It  is  believed  that  ten  or  twelve  pairs  of  stars,  observed 
upon  three  or  four  nights  with  the  zenith  telescope  or  meridian  instru- 
ment, will  give  the  latitude  of  a  station  with  a  probable  error  not 
exceeding  a  tenth  of  a'  second.  This  is  so  far  below  the  average  local 
deflections  of  the  vertical  that  greater  accuracy  is  not  deemed  neces- 
sary, except  in  such  special  cases  as  the  measurement  of  arcs  and  the 
determination  of  international  boundaries. 

For  latitude  observations  the  committee  recommends  the  continued 
use  of  the  Talcott  method  by  the  zenith  telescope  or  meridian  instru- 
ment as  affording  greater  accuracy  than  by  other  methods.  It  recalls 
the  competitive  observations  instituted  by  Superintendent  Bache  with 
the  zenith  sector,  zenith  telescope,  prime  vertical  transit,  and  vertical 
circle.  It  is  suggested  that  an  enlarged  catalogue  of  latitude  stars  is 
greatly  needed. 

The  committee  suggests  that  the  four  principal  nations  publishing 
Ephemerides  should  combine  in  the  expense  of  preparing  and  issuing 
a  special  star  list  of  greater  extent  than  is  now  issued,  so  that  the 
number  of  time  stars  may  be  increased  to  an  average  of  one  for  each 
two  minutes  of  time;  and  also  that  the  American  Ephemeris  should 
extend  the  additional  star  places  so  as  to  cover  the  period  now  falling 
in  daylight;  also  that  more  azimuth  stars  should  be  added^au<L^\^^\^- 
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ever  practicable  grouped  by  dififereuces  of  nearly  twelve  hours  in 
right  a8cen8iou.  The  subpolar  places  should  be  given  in  order  of  right 
ascension.  With  close  circumpolars  this  would  be  useful  in  determin- 
ing the  value  of  a  micrometer  screw. 

ABSTRACT  OF  REPORT  OF  THE  COJOIITTEE  ON    HYPSOMETRY. 

The  committee  states  the  degree  of  accuracy  demanded  in  topography, 
physical  hydrography,  base-line  reduction  to  sea  level,  gravity  observa- 
tions, tidal  planes,  meteorological  investigations,  and  engineering  opera- 
tions, and  gives  an  account  of  the  Y- level  of  civil  engineers  and  the 
geodetic  level  of  the  Coast  and  Geodetic  Survey. 

About  0  800  kilometres  (6100  miles)  of  precise  levels  have  already 
been  run  by  different  corps  of  the  United  States  to  meet  the  demands 
of  si)ecial  investigations  and  in  the  regular  work  of  the  Coast  and 
Geodetic  Survey.  The  desirability  of  a  consistent  scheme  of  lines  of 
control  of  the  whole  country,  to  which  all  future  work  may  lend  itself, 
has  made  itself  apparent.  The  committee  presents  considerations  for 
such  a  scheme,  as  follows: 

To  provide  a  means,  the  most  direct  and  economical,  for  connecting  the  many  tidal 
stations  of  the  Atlantic,  Gulf,  and  Pacific  seaboards. 

To  connect  these  tidal  planes  by  routes  which  will  best  ovcreomo  the  uncertainties 
arising  from  crossing  mountain  chains,  etc. 

To  form  closed  figures  that  will  best  determine  the  degree  of  accuracy  of  the  work. 

To  make  the  linos  of  level  conform  as  nearly  as  possible  to  existiug  or  proposed 
schemes  of  triangulation,  and  especially  of  arc  measures. 

To  take  advantage  of  all  work  of  a  like  nature  heretofore  executed,  and  to  diHtrib- 
ute  Judiciously  over  the  country  bench  marks  which  may  serve  as  points  ot  departure 
for  hypsometric  work  of  all  kinds. 

Work  of  this  class  has  been  executed  by  almost  all  European  nations, 
and  the  committee  gives  an  extended  report  of  the  operations  and  the 
methods.  Descriptions  of  the  instruments  are  given.  Throughout 
France  operations  of  the  most  exhaustive  character  have  been  or  are 
being  carried  out.  In  fact,  the  whole  of  Europe  is  covered  with  lines 
of  precise  leveling.  According  to  the  report  of  the  International  Geo- 
detic Association,  the  total  length  is  102  800  kilometres  (64  250  miles). 
This  does  not  include  Great  Britain.  It  is  shown  how  carefully  meth- 
ods and  means  have  been  studied  and  applied  so  tvs  to  attain  the  highest 
degree  of  accuracy  possible.  Then  follows  an  account  of  precise  levels 
in  the  United  States  by  the  Corps  of  Engineers  in  the  survey  of  the 
Great  Lakes,  by  the  Mississippi  and  Missouri  Kiver  Commissions,  and 
by  the  Coast  and  Geodetic  Survey.  The  methods  of  i)rocedure  are 
stated  and  the  conclusions  reached  to  account  for  the  cumulative  errors 
which  are  found  in  all  series  of  levelings. 

In  1892  an  elaborate  series  of  experiments  were  undertaken  by  the 
Survey  to  investigate  the  system  of  levelling  and  the  character  of  the 
instruments.  Thase  have  not  been  fully  discussed,  but  have  resulted 
in  valuable  suggestions  of  a  practical  nature. 
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Besults  of  long  lines  of  leveliug  by  the  engineer's  Y-Ievel  ii^  the  United 
States  are  presented,  and  the  conclusions  deduced  from  work  done  in 
Prussia  with  similar  instruments  are  quoted. 

Experiments  with  the  geodetic  level  and  with  the  Y-level  are  in 
progress  by  the  Survey. 

The  subject  of  trigonometrical  leveling  is  discussed  and  a  few  of  the 
results  in  the  United  States  and  India  are  presented. 

The  determination  of  differences  of  elevation  by  observations  of 
atmospheric  pressure  is  at  times  the  only  means  available,  and  the 
method  of  observing  the  boiling  x)oiiit  of  water  is  recommended  as 
suitable  for  exploration  surveys. 

The  committee  concludes  that  the  measure  of  trigonometrical  heights 
should  form  part  of  the  work  of  all  triangulatiou  stations.  For  this 
work  they  suggest  that  a  new  form  of  instrument  bo  devised  to  provide 
for  the  measurement  of  larger  arcs  by  micrometer  differences; 

That  the  standard  bench  marks  throughout  the  country  should  be 
determined  with  the  greatest  degree  of  accuracy  attainable; 

That  subsidiary  lines  may  be  leveled  by  less  i)recise  methods; 

That  if,  upon  investigation,  it  shall  appear  that  less  elaborate  methods 
or  instruments  than  those  now  employed  on  the  Survey  will,  by  the  use 
of  small  circuits,  i)roduce  satisfactory  results  with  an  increase  of 
economy,  purely  theoretical  considerations  should  not  prevent  their 
adoption; 

That  the  present  geodetic  level  of  the  Survey  is  as  perfect  as  any  yet 
devised. 

Beconmiendations  are  made  for  comparisons  of  rods  with  the  stand- 
ard, and  for  various  details  of  the  rod  and  supports. 

ABSTRACT  OF  REPORT  OF  THE  COM^HTTEE  ON  ALASKA. 

The  committee  presents  an  account  of  the  extraordinary  growth  of 
this  but  partially  explored  country,  with  its  valuable  resources  on  land 
and  the  limitless  wealth  in  its  adjacent  waters.  Statements  are  made 
of  the  extent  and  wealth  of  the  forests,  the  fisheries,  the  mining,  the 
furs,  with  statistics  of  the  commerce  and  i)opulation.  The  surveys 
already  made  are  considered,  and  due  credit  given  for  the  hydrography, 
triangulatiou,  and  astronomical  work  that  has  been  done.  The  astro- 
nomical work  covers  the  chronometric  determinations  of  several  seasons ; 
but  the  systematic  trips  of  the  last  two  years  and  the  latitude  work 
executed  at  the  longitude  stations  occupied  have  added  materially  to 
our  astronomical  control  of  the  work  in  southeastern  Alaska. 

The  traffic  through  the  great  inland  water  passages  of  southeastern 
Alaska  made  their  immediate  survey  a  matter  of  the  most  pressing 
importance.  This  work  is  now  nearly  accomplished ;  but  the  committee 
considers  that  the  present  standard  of  worth  should  be  made  uniform 
throughout.    It  advises  that  the  topographic  features  should  receive 
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moreattentioiiy  and  recommeuds  that  a  topographic  reconnaissance  be , 
made  to  supply  what  is  needful  in  this  respect. 

The  question  of  the  order  of  sequence  in  which  the  Alaskan  work 
should  be  taken  up  was  considered,  and  the  conclusions  reacUcd  are 
herein  briefly  recounted: 

First.  The  great  chain  of  the  Aleutian  Islands  is  known  to  be  very 
imperfectly  laid  down  on  existing  maps,  and  the  demands  of  the  whaling 
lleety  the  naval  vessels  of  the  United  States  and  Great  Britain,  the 
cod-fishing  fleet,  and  the  shipping  and  trading  vessels  require  that  the 
passes  through  this  fog-covered  line  of  islands  should  be  better  deter- 
mined. 

It  is  proposed  by  the  committee  to  establish  certain  base-longitude 
stations  for  chronometric  determinations  from  Sitka,  and  to  connect  all 
the  islands  by  means  of  terrestrial  signals  and  local  time.  The  heights 
of  the  islands  combine  to  render  this  feasible,  and  the  method  is  second 
in  accuracy  only  to  the  telegraphic  method.  These  longitude  determi- 
nations with  latitude  measures  will  give  certain  positions  on  some  of 
the  islands.  Small  triangulation,  and  perhaps  topographic  reconnais- 
sance, will  then  give  their  outline  with  the  necessary  precision  for  the 
present. 

Second.  The  great  industries  that  are  centered  about  Kadiak  and  the 
western  end  of  the  Aleutian  peninsula  make  a  survey  of  this  section 
only  second  in  importance  to  the  one  just  mentioned. 

Third.  The  welfare  and  safety  of  the  great  fleet  of  American  vessels 
engaged  in  the  Arctic  whaling  industry  make  it  necessary  and  a  duty 
of  the  Government  to  establish  a  good  longitude  station  at  their  rendez- 
vous, Port  Clarence. 

Fourth.  The  necessity  for  opening  a  ready  means  of  entrance  into  the 
heart  of  Alaska,  that  its  great  possibilities  may  be  thoroughly  explored 
and  tested,  and  the  returns  that  will  reward  our  citizens  when  the  great 
wealth  of  salmon  that  abounds  in  its  watei*s  can  be  reached,  make  it 
important  that  a  survey  should  be  made  of  the  mouth  of  the  Yukon 
Eiver — the  Mississippi  of  this  vast  territory — and  which  is  now  practi- 
cally useless  to  us  on  account  of  our  almost  complete  ignorance  of  the 
channels  and  waterways  through  its  delta. 

The  committee  submits  plans  for  the  longitude  work  which  would 
control  the  independent  surveys  to  be  made  between  Kadiak  anH  Attn. 
It  also  suggests  arrangements  which  are  possible  in  connection  with 
the  work  at  Port  Clarence  and  about  the  mouth  of  the  Yukon,  and 
which  might  materially  reduce  the  cost  of  both  enterprises. 

Its  final  proposition  is  a  scheme  for  a  triangulation  through  Clarence 
and  Chatham  straits,  the  great  channels  of  the  Archipelago  Alexander, 
which  would  reenforce  and  control  all  the  work  in  southeastern  Alaska. 
In  this  scheme  the  character  and  main  features  of  the  work  are  con- 
sidered with  relation  to  the  meteorological  conditions  which  must  be 
expected  and  the  economy  that  should  be  borne  in  mind  in  suggesting 
a  plan  of  operations. 
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ABSTRACT  OF  REPORT  OF  THE  COMMITTEE  ON  INSTRUMENTS. 

The  committee  has  ooufiued  its  attention  to  the  consideration  of 
instruments  for  astronomical  work  and  the  measurement  of  horizontal 
angles,  because  other  committees  will  necessarily  consider  instruments 
special  to  their  work. 

A  list  of  52  astronomical  instruments  and  62  theodolites  (namely,  21 
direction  and  41  repeating  instruments)  are  given.  The  character  and 
condition  of  the  instruments  are  described  in  general  terms.  Com- 
parison is  made  between  the  instruments  used  in  the  Coast  and  Geo- 
detic Survey  and  in  Europe  for  the  determination  of  latitudes  and  of 
telegraphic  longitudes;  and  the  committee  recommends  a  lighter  form 
of  chronograph. 

The  30*'"»  (12-inch)  direction  theodolites,  No.  145  and  No.  146,  lately 
constructed  at  the  office,  have  been  tested  and  aie  believed  to  be  of 
superior  character. 

The  committee  recommends  that  all  instruments  whose  graduation 
is  defective  should  be  sent  to  the  office  for  regiaduatior.,  the  purchase 
of  10*^'"  and  18^'»  (4  and  7  inch)  instruments  for  the  work  in  Alaska,  and 
that  erratic  motions  of  the  level  bubble  be  studied. 

It  makes  suggestions  in  regard  to  protecting  instruments  in  the  field 
against  sudden  changes  of  temperature. 

In  conclusion,  the  committee  states  that  the  instruments  for  astro- 
nomical work  and  horizontal  measures  are  in  general  very  good. 

ABSTRACT   OF  REPORT   OF  THE    COMIVIITTEE    ON    OFFICE   AND    FIELD 

RELATIONS. 

The  committee  states  the  necessity  for  the  effective  cooperation 
between  the  fiehl  force  and  the  office;  and,  in  order  to  still  further  pro- 
mote this  object,  recommends  that  the  regulations  of  1887,  with  amend- 
ments, and  the  circulars  since  issued,  should  be  carefully  studied  and 
their  provisions  minutely  followed. 

The  preparation,  duplication,  and  transmission  of  records  should  be 
thoroughly  systematic.  They,  together  with  a  summary  report  of  the 
season's  work,  accompanied  by  a  sketch  and  statistics,  should  be 
promptly  turned  into  the  office  at  the  close  of  the  season.  The  field 
computations  should  follow  as  soon  as  practicable.  The  condition  and 
character  of  all  instruments  should  be  clearly  stateil  when  sent  to  or 
from  the  office.  Stations  in  the  vicinity  of  any  field  party  should  be 
visited  when  practicable,  and  their  condition  reported.  If  reported  as 
irretrievably  lost,  the  names  should  be  stricken  from  the  office  list 
of  geographic  positions  available  for  field  work. 

As  the  field  parties  are  cut  off  from  easy  access  to  current  publica- 
tions bearing  ui)on  their  work,  the  committee  recommends  that  some 
person  be  appointed  in  the  office  to  prepare  brief  extracts  or  headlines 
of  matter  germane  to  the  Survey  and  its  operations,  and  that  copies  of 
these  be  transmitted  to  the  parties  in  the  field  and  at  di<&t^\^  ^\»^^\^^ik^ 

S.  Ex.  19,  pt.  2 16 
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The  Saperintendent  referred  to  the  Conference  a  paper  prepared  at 
his  request  by  the  disbursing  agent,  upon  the  correlation  of  the  oper- 
ating department  and  accounting  system  of  the  Coast  and  Geodetic 
Survey.    This  very  interesting  paper,  referred  by  the  Conference  to  the 

committee,  is  appended  in  full  to  its  report,  and  should  be  carefully 
studied. 

The  committee  recommends  the  preparation  of  a  manual  of  observa- 
tions, records,  and  computations,  embodying  the  conclusions  of  the 
Conference,  and  a  manual  of  accounts,  in  cccordan(*.e  with  the  valuable 
suggestions  contained  in  the  paper  of  the  disbursing  agent. 

ABSTRACT  OF  REPOET  OF  THE  COMMITTEE  ON  THE  MEASUREMENT 

OF  ARCS. 

The  committee  shows  that  the  measurements  of  arcs  of  the  meridian, 
of  the  parallel  and  oblique  to  these,  has  been  incidental  to  the  extended 
operations  of  the  trigonometrical  survey  of  tbe  United  States.  They 
are  moreover  of  great  importance  in  order  to  furnish  the  shape  and 
dimensions  of  that  geometric  figure  which  best  represents  the  particular 
area  to  be  surveyed  and  to  secure  exact  measures  of  geographic  position 
on  the  earth's  surface.  Beyond  this,  the  combination  of  the  arcs  meas- 
ured by  different  countries  is  indispensable  for  the  determination  of  the 
geometric  figure  which  shall,  in  size  and  shape,  most  closely  approxi- 
mate to  the  figure  of  the  earth  as  a  whole. 

For  this  latter  purpose  the  Government  of  the  United  States  became 
a  member  of  the  International  (Jeodetic  Association  for  the  measure- 
ment of  arcs,  and  thereby  incurred  certain  scientific  obligations  which 
have  in  i)art  been  fulfilled  by  the  triaugulation  schemes  already  exe- 
cuted. The  further  and  necessary  extension  of  these  projects  of  triaugu- 
lation in  the  prosecution  of  the  Survey  will  furnish  additional  material 
for  utilization  in  our  country  and  for  the  Inticrnational  Association. 

The  arcs  in  process  of  execution  are  mentioned,  and  a  map  has  been 
prepared  to  exhibit  the  prospective  trianrjulations  which  may  be  devel- 
oped, and  which  will  be,  in  great  measure,  available  for  the  location  of 
boundaries,  for  bases  of  State  surveys,  and  for  geographical  positions. 

ABSTRACT  OF  REPORT  OF  THE   COMMITTEE  ON  MAGNETICS. 

The  committee  states  the  necessity  for  a  knowledge  of  the  laws  gov- 
erning the  magnetic  force,  in  order  that  the  charts  of  the  Survey  shall 
be  furnished  with  the  magnetic  variation  at  the  dates  of  issue  and  the 
pro8i)ective  annual  change. 

The  distribution  of  magnetism  is  dependent  mainly  upon  geograph- 
ical position  and  time,  but  is  infiuenced  by  so  many  local  disturbing 
causes  that  in  order  to  produce  the  lines  defining  the  direction  and 
intensity  seaward  for  a  certain  epoch  it  is  necessary  to  extend  the 
observations  a  sufiicient  distance  inland. 

Moreover,  there  is  such  a  constant  demand  made  upon  the  Survey  by 
surveyors,  engineers,  and  courts  of  law  m  every  part  of  the  countiy 
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for  information  looking  to  the  recovery  of  old  lines  or  landmarks  that 
a  more  complete  series  of  observations  and  study  of  the  distribution  of 
the  declination  is  necessary  over  the  whole  area  of  the  United  States. 

A  demand  for  an  accurate  knowledge  of  the  magnetic  dip  and  inten- 
sity has  been  made  by  mariners  and  electricians. 

By  observation  in  the  regular  progress  of  the  work,  the  collection  of 
observations  from  the  earliest  to  those  of  the  present  time,  and  by  other 
means,  the  Survey  has  given  all  necessary  information  for  the  charts, 
and  in  addition  very  much  material  which  has  been  published  in  print 
and  graphically  for  the  use  of  surveyors,  engineers,  etc. 

The  committee  presents  general  descriptions  of  the  magnetic  instru- 
ments used  in  other  countries  Jind  the  recent  ones  for  use  in  the  Survey^ 

While  much  of  the  work  of  magnetic  observation  is  executed  inci. 
dentally  by  the  different  parties  in  triangulation  and  longitude,  the 
committee  calls  attention  to  the  necessity  for  a  sjiecial  series  of  obser- 
vations, particularly  through  California,  Oregon,  Washington,  Idaho, 
Montana,  and  the  Dakotas;  also  to  the  necessity  of  more  observations 
in  Alaskan  waters. 

It  recommends  the  use  of  compass  declinometers  by  every  triangu- 
lation party,  and  that  the  main  and  primary  triangulation  and  tele- 
graphic longitude  parties  determine  all  the  magnetic  elements.  It  also 
recommends  that  a  second  edition  of  the  isoclinic,  isodynamic,  and  iso- 
gonicicurves  be  published  for  an  epoch  close  at  hand — say,  1895  or 
1900 — together  with  the  data,  method  of  discussion,  and  explanation 
of  the  results  and  their  uses. 

ABSTRACT  OF  REPORT  OF  THE  OOM>nTTEE   ON  GRAVITY. 

The  committee  states  that  recent  developments  in  the  instruments 
and  methods  will  enable  the  Survey  to  enter  successfully  upon  extended 
gravimetric  research  at  less  cost  than  was  possible  with  the  older  proc- 
esses, and  this  without  lowering  the  standard  of  accuracy.  The  com- 
mitt^®  refers  to  the  develoi>inent  of  the  earlier  pendulum  research  on 
the  Survey  with  respect  to  character  of  instrnments,  their  shape,  size, 
and  material,  as  well  as  the  methods  of  observing. 

All  nations  engaged  in  geodetic  work  have  considered  this  subject 
an  important  and  necessary  branch  of  a  geodetic  survey,  as  affording  a 
means  of  determining  the  figure  of  the  earth.  Our  relation  with  the 
International  Geodetic  Association  renders  it  desirable  that  the  Survey 
should  conform,  as  far  as  practicable,  with  the  general  plan  of  work  of 
that  body. 

Five  hundred  stations  have  been  occupied  by  foreign  observers, 
while  by  the  Coast  and  Geodetic  Survey  27  have  been  occui)ied  in 
this  country  and  29  abroad.  In  many  of  the  leading  European  coun- 
tries pendulum  investigations  have  been  vigorously  prosecuted  in  recent 
years.  In  India  the  English  have  carried  on  a  very  systematic  scheme 
of  gravity  work  in  connection  with  their  great  trigonometrical  survey. 
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Maps  are  preseuted  sbowiug  the  statious  occiqned  in  the  United 
States,  iDciuding  Alaska,  and  in  Europe. 

The  improved  pendulum  apparatus  of  the  Survey  is  described.  The 
method  of  observing  permits  a  residy  application  of  the  telegraphic 
method  of  determining  the  diflference  in  the  force  of  gravity  at  two 
stations  which  are  connected  by  wire. 

A  still  more  portable  apparatus  is  now  beiiig  constructed,  in  which 
the  pendulum  has  a  period  of  but  one-fourth  second. 

The  proposed  outline  of  investigations  contemplates  the  determi- 
nation of  the  geographical  distribution  of  gravity  within  the  United 
States  with  respect  to  latitude,  elevation,  and  geological  structure, 
including,  for  instance,  a  series  of  gravity  measures  along  the  valley 
of  the  Mississippi,  and  another  at  right  angles  to  it  along  the  thirty- 
nmth  parallel  from  the  Atlantic  to  the  Pacific. 

It  is  proposed  to  establish,  in  the  course  of  a  few  years,  a  number  of 
base  stations  for  gravimetric  and  hypsometric  operations  of  the  Survey. 
These  will  be  determined  with  the  greatest  precision.  The  absolute 
force  of  gravity  is  such  an  important  physical  constant  and  of  such 
great  scientific  interest  as  to  justify  its  measurement  at  a  few  base 
stations. 

In  observations  intended  for  the  determination  of  the  figure  of  the 
earth  it  is  proposed  to  restrict  the  stations  to  the  sea  border  of  the  con- 
tinents and  islands  of  the  United  States,  so  as  to  obviate  a  reduction 
to  the  sea  level.  The  extended  range  of  latitude  in  the  limits  of  the 
United  States  is  favorable  to  this  measure. 

It  is  not  yet  deemed  practicable  to  state  what  degree  of  precision 
may  or  should  be  reached  in  either  absolute  or  relative  work,  but 
observations  at  a  station  should  be  continued  only  long  enough  to  rea- 
sonably eliminate  the  known  errors  of  observation.  Multiplication  of 
stations  is  to  be  preferred  to  a  high  degree  of  accuracy. 

In  1882  a  conference  on  gravity  determinations  was  held  at  the  office 
of  the  Coast  and  Geodetic  Survey,  and  the  conclusions  which  were 
then  reached  are  given  at  the  close  of  the  committee's  report. 

ABSTBACT   OF  REPORT  OF   THE   COMMITTEE   ON  EQUIPMENT. 

The  committee  has  considered  this  subject  under  two  principal  heads, 
operations  conducted  by  land  and  operations  conducted  by  water. 
Each  is  then  considered  under  several  subheads. 

The  committee  recommends  the  lightest  practicable  outfits  of  men, 
animals,  and  material,  but  in  conclusion  states  that  owing  to  the  great 
variety  of  orographic,  climatic,  and  economic  conditions,  covering  so 
large  an  area  as  this  country  does,  it  is  impracticable  to  recommend 
and  specify  the  details.  The  results  of  the  experience  of  officers  of 
the  Survey,  who  have  conducted  work  under  nearly  all  these  condi- 
tions, are  condensed  in  this  report. 

While  attention  to  economy  calls  for  simplicity  in  equipage,  the 
operators  ought  not  to  be  deprived  of  such  conveniences  as  tend  to 
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prolong  tbeir  working  ability,  by  securing  shelter  against  the  elements, 
needful  rest,  and  good  food.  Equipment  which  may  suffice  in  emergen- 
cies will  be  insufficient  for  work  requiring  long  sustained  effi>rts,  whicbi 
may  be  protracted  through  successive  years. 

Having  thus  referred  to  the  rejwrts  of  the  committees  in  brief  terms, 
the  Conference  begs  to  state  that  several  committees  have  given  atten- 
tion to  cognate  subjects  which  may  well  be  incorporated  in  future  edi- 
tions of  the  manuals  of  instructions  and  the  publications  of  methods, 
and  have  made  recommendations  therefor  in  their  reports. 

During  the  sessions  of  the  Conference  facilities  have  been  cheerfully 
extended  by  the  office  in  furnishing  data  and  copies  of  its  proceedings, 
and  its  investigations  have  been  aided  by  ready  access  to  the  well- 
arranged  library  of  the  Survey. 

As  ex-officio  member  of  each  committee,  you  have  been  invited  to  the 
meetings  of  the  Conference,  and  the  members  of  the  committees  beg 
leave  to  acknowledge  the  advice  you  were  pleased  to  extend  to  them. 

We  thank  you  for  this  special  op[>ortunity  of  our  meeting  each  other 
and  personally  comparing  our  experiences. 

We  feel  that  the  interests  of  the  Survey  have  been  greatly  advanced 
and  that  the  esprit  de  cori)s  of  the  Survey  has  been  intensified  by  this 
instructive  contact. 

Very  respectfully,  George  I>avidson, 

Chairman. 

O.   H.  TiTTMANN, 

Secretary, 
T.  C.  Mendenhall,  LL.  D.,     . 

Superintendent  United  States  Coa^t  and  Geodetic  Surrey, 

Wa^jiington,  D.  C. 


PROCEEDINGS  OF  THE  CONFERENCE. 

The  Conference  met  at  the  office  of  the  United  States  Coast  and 
Geodetic  Survey,  Washington,  D.  C,  on  January  9,  1894,  and  after 
completing  its  labors  it  adjourned  on  February  28. 

The  following  officers  of  the  Survey  were  members  of  the  Conference: 

Prof.  George  Davidson,  Mr.  J.  E.  McGrath, 

Mr.  Charles  A.  Schott,  Mr.  Isaac  Winston, 

Mr.  George  A.  Fairfield,  Mr.  P.  A.  Welker, 

Mr.  William  Eimbeck,  Mr.  C.  H.  van  Orden, 

Mr.  O.  H.  Tittmann,  Mr.  Fremont  Morse, 

Mr.  J.  J.  Gilbert,  Mr.  W.  B.  Fairfield, 

Mr.  F.  W.  Perkins,  Mr.  F.  A.  Young, 

Mr.  Edwin  Smith,  Mr.  G.  R.  Putnam, 

Mr.  J.  F.  Pratt,  Mr.  A.  L.  Baldwin, 

Mr.  C.  H.  Sinclair,  Mr.  O.  B.  French, 

Mr.  B.  F.  Dickins,  Mr.  R.  L.  Paris, 

Mr.  Stehman  Forney,  Mr.  8.  li.  TVa^^c^, 
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Prof.  A.  H.  Buchanan,  of  Tennessee,  and  Prof.  W.  R.  Hoag,  of  the 
University  of  Minnesota,  Acting  Assistants  United  States  Coast  and 
Gteodetic  Survey,  joined  the  Conference  on  February  3,  and  participated 
in  its  deliberations  until  February  14. 

In  opening  the  Conference,  Superintendent  Mendenhall,  while  dis- 
tinctly disclaiming  any  desire  to  restrict  its  deliberations,  suggested 
the  following  subjects  for  its  consideration,  in  the  treatment  of  which 
advantage  should  be  taken  of  the  experience  of  the  several  corps 
engaged  upon  kindred  work  in  the  United  States  and  foreign  countries, 
bearing  in  mind  the  advisability  of  reporting  its  conclusions  in  a  form 
which  can  be  utilized  in  revising  and  bringing  up  to  date  the  various 
handbooks  on  field  methods  and  results  issued  by  the  Survey : 

Basffline  measurement — Consider  appliances,  recent  investigations 
of  line  measures  and  methods,  and  their  ada])tability  to  the  varying 
conditions  encountered  in  trigonometrical  work.  Compare  the  reljitive 
values  in  a  scheme  of  triangulation  of  a  few  bases,  measured  with  a 
high  degree  of  accuracy,  with  frequent  bases  determined  with  less 
refinement. 

Triangulation. — Define  with  greater  exactness  the  various  classes  of 
trigonometrical  work.  Discuss  the  instruments,  methods,  and  precision 
desirable  for  each  class.  Consider  the  relation  of  the  number  of  obser- 
vations to  the  degree  of  accuracy  demanded  by  the  character  of  the 
work,  with  the  object  of  deciding  if  any  material  reduction  can  be 
made  in  the  number  of  observations  now  taken,  especially  at  primary 
stations.  Consider  reconnaissance  and  signal  building,  forms  of  day 
signals,  and  the  use  of  night  signals.  Consider  methods  of  observing 
and  instruments.  What  besides  the  necessary  measurement  of  angles 
should  be  done  at  a  triangulation  station.  Submit  schemes  of  trian- 
gulation necessary  and  desirable  for  a  complete  survey  of  the  whole 
country,  bearing  in  mind  their  utility  in  fixing  boundary  lines  (State 
and  national)  and  as  furnishing  bases  for  more  detailed  State  surveys. 
Consider  especially  the  character  and  scale  of  work  desirable  for  the 
survey  of  Alaska. 

Astronomical  work. — Methods  and  instruments,  giving  consideration 
to  the  different  classes  of  work  and  standards  of  accuracy.  What  work, 
other  than  astronomical,  may  be  done  profitably  in  conne^ction  with  the 
latter. 

Hypsometfy. — Instruments  to  be  used,  and  accuracy  to  be  aimed  at. 
Vertical  angles;  barometric  work.  Submit  a  scheme  of  lines  of  precise 
leveling  controlling  the  whole  area  of  the  country. 

Magnetic  work. 

Gravitation  work. 

General. 

Party  organization. — Camps  and  outfits — possibility  of  reduction  in 
their  size  and  cost.    Records — their  preparation,  duplication,  and 
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trausniission  to  the  office.  Field  computations— degree  of  accuracy 
required.    Accounts — relation  of  field  officers  to  the  disbursing  agent. 

At  the  close  of  his  address  he  appointed  Profl  George  Davidson 
permanent  chairman  and  Mr.  O.  H.  Tittmann  secretary  of  the  Con- 
ference. 

Mr.  G.  A.  Fairfield  was  appointed  chairman  of  the  committee  of  the 
whole.  Owing  to  his  inability  to  act,  on  account  of  sickness,  he  was 
succeeded  by  Mr.  Gilbert,  who  acted  during  the  Conference. 

A  committee  on  rules,  consisting  of  Messrs.  Schott,  Sinclair,  and 
Winston,  was  formed,  and  their  recommendations  of  an  order  of  busi- 
ness and  rules  were  adopted. 

A  committee  to  assist  the  chairman  in  the  formation  of  committees, 
consisting  of  Messrs.  Schott,  Sinclair,  Pratt,  Smith,  Eimbeck,  and 
Morse,  was  appointed;  and,  in  a<5cordance  with  their  recommendation, 
committees,  to  which  was  assigned  the  task  of  preparing  reports  on  the 
various  topics  under  consideration,  were  organized  as  follows : 

(A)  Reconnaissance, — Eimbeck  (chairman),  Dickins,  Forney,  French, 
Perkins,  Welker. 

(B)  Base  lines. — Davidson  (chairman),  Eimbeck,  French,  Pratt, 
Schott,  Smith,  Tittmann. 

(C)  Triangulaiion  and  schemes  of  tria/agulation  for  whole  country, — 
Schott  (chairman),  Davidson,  Dickins,  Eimbeck,  G.  A.  Fairfield,  W.  B. 
Fairfield,  Faris,  Gilbert,  Perkins,  Sinclair,  Van  Orden,  Welker,  Young. 

(D)  Astronomy. — Sinclair  (chairman),  Davidson,  Gilbert,  Morse,  Put- 
nam, Smith. 

•(E)  Hypsometry  and  scheme  of  leveling  for  whole  country. — Perkins 
(chairman),  G.  A.  Fairfield,  McGrath,  Pratt,  Van  Orden,  Winston, 
Young. 

(F)  AUiska. — McGrath  (chairman),  Baldwin,  Pratt,  Tittmann,  Morse. 

(G)  Instruments. — Smith  (chairman),  Davidson,  Eimbeck,  Gilbert, 
Pratt,  Tittmann,  Van  Orden,  Winston. 

(H)  Office  and  field  relations. — G.  A.  Fairfield  (chairman),  Forney, 
Sinclair,  Schott,  Winston. 

(I)  Measurement  of  arcs. — Schott  (chairman),  Davidson,  Eimbeck, 
McGrath,  Putnam,  Sinclair. 

(J)  Magnetics. — Gilbert  (chairman),  Faris,  McGrath,  Putnam,  Schott, 
Tinsley. 

(K)  Gravity  measures. — Superintendent  (chairman),  Eimbeck  (acting 
chairman),  Putnam,  Tinsley. 

(L)  Equipment. — Pratt  (chairman),  Baldwin,  Dickins,  W.  B.  Fairfield, 
Forney,  Sinclair,  Van  Orden,  Welker. 

Special  committee  on  arrangements. — Tittmann  (chairman),  Sinclair, 
Smith,  Winston. 

To  these  were  added,  near  the  close  of  the  Conference,  a  committee 
composed  of  the  Chairman,  Professor  Davidson,  Messrs.  Schott  and 
Tittmann,  to  formulate,  for  the  consideration  of  the  Conference^  tha 
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general  results  of  its  deliberations,  iu  a  report  to  the  Superintendent, 
and  an  editing  committee,  composed  of  Messrs.  Tittmann  (chairman), 
Schott,  G.  A.  Fairfield,  McGrath,  and  Putnam. 

During  the  proceedings  temporary  committees  were  api)ointed  from 
time  to  time  for  some  special  purposes,  but  these  need  not  be  more 
particularly  specified. 

Under  the  general  distribution  of  subjects  above  given,  each  com- 
mittee prepared  a  list  of  topics  to  be  discussed  in  their  reports.  These 
lists  were  submitted  to  the  Conference,  and  after  they  had  been  consid- 
ered and  approved  the  committees  proceeded  to  discuss  the  subjects 
assigned  to  them  on  the  lines  thus  indicated.  The  reports  i)repared  in 
pursuance  of  this  plan  by  the  several  committees  Avere  discussed  in 
committee  of  the  whole,  and  were  finally  adopted  by  a  majority  vote  of 
the  Conference. 

At  the  beginning  of  the  sessions  invitations  were  extended  to  the 
officers  of  the  Survey  who  were  not  members  of  the  Conference  and  to 
others  interested  in  its  labors  to  submit  their  views  on  matters  relating 
to  the  purpose  for  which  it  was  convened. 

The  Conference  was  also  favored  by  the  personal  attendance,  on  vari- 
ous occasions,  of  Prof.  J.  H.  Gore,  of  Columbian  University,  Washing- 
ton, D.  C.  Prof.  R.  S.  Woodward,  of  Columbia  College,  New  York,  came 
to  Washington,  at  the  sacrifice  of  his  time  and  convenience,  to  reply 
verbally  to  questions  proposed  to  him  by  the  Conference.  Prof.  William 
Harkness,  U.  S.  N.,  addressed  the  Conference  on  February  7.  The  fol- 
lowing outlines  of  their  remarks  are  appended : 

SYNOPSIS  OF  PROF.  R.  S.  WOODWARD'S  REMARKS. 

Addressing  himself  to  a  reply  of  the  first  question  proposed  to  him 
by  the  Conference,  namely,  the  number  of  measures  of  an  angle  neces- 
sary in  triangulation  of  the  highest  order  of  precision  with  given  instru- 
mental means,  Professor  Woodward  discussed  the  following  heads : 

Eelation  between  the  magnifying  power  of  telescopes  and  the  reading 
power  of  the  micrometers;  Errors  of  i>ointing;  Graduation;  Instru- 
ments; Atmosphere;  Centering. 

He  advocated  the  use  of  a  magnifying  power  of  about  CO  for  tele- 
scopes, so  as  to  preserve  the  proper  relation  between  their  pointing 
power  and  the  reading  power  of  the  microscopes.  He  si>oke  of  high 
power  as  diminishing  the  personal  equation  due  to  phase  of  signals 
and  as-  serving  as  a  test  for  the  steadiness  of  the  atmosphere.  He  advo- 
cated the  use  of  flat  signals  to  diminish  phase.  He  spoke  of  the  insta- 
bility of  the  mounting  of  the  theodolites,  and  advised  the  return  to 
the  measurement  of  angles  (Gauss)  rather  than  the  measur(»ment  of 
directions  (Bessel),  and  thought  that  in  general  notliing  would  be 
gained  by  ocular  micrometer  pointings  in  addition  to  the  simi)le  point- 
ings. He  stated  that  owing  to  the  perfection  of  modern  instruments  a 
large  number  of  positions  is  no  longer  necessary,  ami  discussed  this 
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matter  at  some  length.  In  reply  to  a  questiou,  he  said  that  steadiness 
of  atmosphere  might  be  taken  as  an  indication  of  the  absence  of  lateral 
refraction.  He  spoke  of  the  necessity  for  the  careful  centering  of  instru- 
ments, especially  at  base  stations,  and  gave  a  detailed  account  of  base 
measurement  with  steel  tapes. 

SYNOPSIS   OF   PROFESSOR   HARKNESS'S  REMARKS. 

Professor  Harkness  addressed  the  Conference  on  the  methods  of 
determining  the  earth's  ellipticity  and  the  values  deduced  from  them. 
He  considered  successively  the  following  five  methods: 

Geodetic  methods;  Pendulum  measures;  Precession  and  nutation; 
Perturbations  of  the  moon;  The  moon's  parallax. 

He  called  attention  to  the  fact  that  an  arc  whose  .middle  latitude  is 
in  540  45'  gives  the  vjilue  for  the  equatorial  nidius,  while  a  more  equa- 
torial arc — that  is,  one  in  latitude  35°  15' — gives  the  polar  radius,  and 
gave  two  equations  in  which  the  numeric^al  coefficients  showed  the 
relative  effect  of  known  arcs  on  the  determination  of  the  two  radii. 
He  stated  that  American  arcs  had  not  been  introduced  in  the  equations 
for  deriving  the  figure  of  the  earth,  although  the  data  for  two,  resulting 
from  the  operations  of  the  Lake  Survey,  had  been  published.^ 

After  discussing  the  i)endulum  methods,  he  presented  a  tabulation 
of  values  derived  from  pendulum  ex'periments  at  various  times.  He 
explained  that  the  values  derived  from  precession  and  nutation  are 
vitiated  by  want  of  knowledge  of  the  internal  constitution  of  the  earth, 
and  that  the  theoretically  exact  value  from  lunar  perturbations  is  ren- 
dered questionable  by  the  uncertainty  attaching  to  the  observed  values 
of  the  i>erturbations  themselves,  and  in  illustration  gave  the  observed 
values  of  certain  perturbations  of  the  moon  on  Avhich  the  figure  of  the 
earth  derived  from  them  depends.  In  regard  to  the  method  by  the 
moon's  parallax,  he  expressed  the  hoi)e  that  the  cooperation  of  observa- 
tories would  lead  to  a  satisfactory  determination  of  the  ellipticity  by 
this  method. 

In  his  opinion  pendulum  and  astronomical  methods  will  give  the  most 
reliable  value  of  the  ratio  of  the  earth's  semidiameters,  and  geodetic  arc 
measures  will  give  tiie  linear  values  with  great  exactness.  He  stated 
that  in  order  to  determine  the  reciprocal  of  2  with  a  probable  error 
not  exceeding  one  unit,  the  probable  error  of  each  of  the  semidiameters 
must  be  reduced  to  zt  164-4:  feet  (50'11"). 

'  The  Uuited  States  Coast  Survey  published  the  results  of  two  arcs  and  deduced  a 
result  for  the  size  and  figure  of  the  earth.     (Appendix  C,  Keport  for  1877.) 
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Flaitening  of  the  earth  <i8  found  from  pendulum  experimentB, 
[A  table  prepared  by  Prof.  Wliliam  Harkness,  IT.  S.  N.] 


Date. 

Author. 

v^^. 

1799 

La  Place 

33578 

1816 

Matthieu 

317*4 

181S 

Bessel 

31011 

1821 

Biot 

30675 

1825 

Sabine 

289-1 

1827 

Saigcy 

281  62 

1829 

Pontecoulant 

34016 

1829 

Schinidt:  Lehrbuch,T.  i, p. 372, 47  E. 

28820 

1830 

Airy 

282-82 

1833 

Poisson 

287-31 

1834 

Baily 

285-26 

184I 

Peters.  C.  A.  F., 

290-09 

1842 

Borenius 

289- 

1853 

Paucker 

28838 

1869 

Unferdingcr 

289-15 

1872 

Nyr^n 

28773 

1876 

Fischer,  A., 

284-4 

1880 

Clarke 

292-2 

1884 

Ilelmert 

299-26 

1884 

Hill,  G.  W., 

28773 

FEBRrARY    5,   1894.  # 

The  Conference,  having  completed  its  labors,  met  for  the  last  time  on 
February  28.  The  general  report  to  the  Superintendent  having  been 
read  and  adopted,  a  committee,  consisting  of  Messrs.  Welker,  Morse, 
and  Faris,  was  appointed  to  notify  the  Superintendent  of  the  readiness 
of  the  Conference  to  submit  its  final  report.  Ui>on  the  arrival  of  the 
Superintendent  the  chair  ordered  the  reading  of  the  report,  upon  the 
conclusion  of  which  the  Superintendent  produced  the  minutes  of  the 
Board  of  Organization  of  1843,  on  which  he  commented,  saying  that 
they  contained  evidence  of  independence  of  opinion  which  he  thought 
had  also  been  manifested  in  the  present  Conference,  in  which  perfect 
freedom  of  discussion  was  accompanied  by  the  utmost  good  fellowshii). 
He  regretted  that  other  duties  had  prevented  his  more  frequent  attend- 
ance at  the  meetings,  and  expressed  his  gratification  at  the  outcome  of 
the  Conference,  which  had  already  caused  a  feeling  of  regret  in  him  that 
he  had  not  summoned  it  at  an  earlier  period  of  his  superintendency. 

After  the  departure  of  the  Superintendent,  Mr.  Sinclair  ottered  the 
following  resolutions,  which  were  unanimously  adopted: 

Reeohed,  That  this  Conference  herein  expresses  its  high  appreciation  of  the  action 
of  the  Superintendent  in  calling  it  together,  realizing  that  great  benefit  has  accrued 
to  its  members  by  the  interchange  of  ideas,  which  can  not  but  result  in  the  increased 
efficiency  of  the  entire  corps ; 

That  the  thanks  of  the  Conference  be  extended  to  its  chairman  and  to  the  chair- 
man of  the  committee  of  the  wliole  for  the  courtesy  with  which  they  liave  presided 
over  its  deliberations ; 

That  the  thanks  of  the  Conference  be  extended  to  the  secretary  for  the  very  satis- 
factory manner  in  which  he  has  performed  the  arduous  labors  imposed  upon  him. 
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Eesolutions  referring  to  the  loss  sustained  by  the  Survey  by  the  recent 
death  of  Assistant  James  S.  Lawson  were  adopted  by  a  rising  vote.  It 
was  ordered  that  they  be  spread  upon  the  minutes  and  that  a  copy  be 
sent  to  his  family.    The  Conference  then  adjourned. 


REPORT  OF  COMMITTEE  A,  ON   RECONNAISSANCE. 

The  term  "reconnaissance"  as  here  used  embraces  all  those  investi- 
gations of  a  region  to  be  triangulated  which  precede  the  fieldwork  of 
construction,  base  measurement,  and  the  measurement  of  angles,  and 
comprises  the  selection  of  the  most  feasible  chain  or  net  of  geometric 
figures,  the  location  of  the  base  lines,  the  determination  of  the  prepa- 
rations and  ai)pliances  necessary,  and  the  collection  of  information  as 
to  the  facilities  available  for  carrying  out  the  i)ropo8ed  scheme. 

An  exhaustive  report  upon  such  a  subject  appesired  to  your  committee 
to  be  neither  practicable  nor  advisable;  and  after  a  careful  review  of 
the  articles  already  published,^  and  their  comparison  with  the  experi- 
ence of  those  who  have  been  most  extensively  engaged  upon  this  class 
of  work,  it  concluded  to  restrict  its  labors  to  the  formulation  of  a  few 
l>ractical  suggestions,  which  it  is  hoped  will  be  usefal  in  promoting 
economy  and  dispatch  in  the  execution  of  triangulation  work  in  the 
future,  viz : 

(1)  Beconnaissance,  forming  as  it  does  the  basis  of  triangulation, 
should  always  be  thorough  and  exhaustive,  developing  all  possible 
schemes  and  comprising  all  classes  of  information  affecting  the  economy 
and  facility  of  the  operations  to  follow. 

(2)  Simplification  of  the  geometric  configuration  of  schemes  by  the 
more  frequent  introduction  of  well-conditioned  simple  triangles  in  all 
cases  where  the  substitution  of  complex  figures,  as  quadrilaterals  with 
open  diagonals  or  polygons,  would  necessitate  either  the  undue  con- 
traction or  expansion  of  the  scheme  or  the  erection  of  high  and  costly 
scafibldings. 

(3)  Avoidance,  as  far  as  compatible  with  the  requirements  of  geo- 
detic triangulation,  of  elevated  structures  for  any  purpose  except  that 
of  overcoming  obstacles  or  lifting  the  triangulation  above  the  level  of 
highly  heated  and  disturbed  atmosphere.  In  exceptional  cases  struc- 
tures of  moderate  elevation  may  also  prove  necessary  to  preserve  sym- 
metry or  to  attain  proper  figure  conditions,  but  in  no  case  should  mere 
geometrical  elegance  of  a  scheme  of  triangulation  be  sought  at  the 
expense  of  reasonable  economy. 

(4)  Avoidance,  as  far  as  expedient,  of  the  longest  lines  or  the  highest 
peaks  in  the  mountains  of  the  interior.  On  account  of  the  clouds 
which  frequently  envelop  these  peaks  and  the  uncertainties  in  the 


'Appendix  No.  20,  Coast  and  Geodetic  Survey  Report,  1876;  Appendix  No.  9,  Coast 
and  Geodetic  Survey  Report,  1882;  Appendix  No.  10,  Coast  aud  O^^w^rXar  '^wxs^si 
Report,  1885. 
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seeiug,  lines  of  a  greater  length  tlian  200  kilometres  (124  miles)  invari- 
ably tend  to  interrupt  and  delay  the  progress  of  the  work.  In  addition 
to  this,  the  occupation  of  the  highest  mountains  is  always  expensive  by 
reason  of  the  preparations  required  to  make  them  accessible  and  of  the 
difficulties  of  transportation.  Lines  that  pass  closely  along  the  slopes 
of  mountains  or  hills  or  near  the  vertical  surface  of  any  object,  as  large 
buildhigs,  or  that  pass  through  narrow  avenues  cut  through  timber 
should  be  avoided  if  possible,  as  they  arc  particularly  liable  to  lateral 
refraction. 

(5)  Attention  is  also  called  to  the  degree  of  adaptability  possessed 
by  several  typical  figures  commonly  used  in  triangulation  of  the  first 
order.  These  simx^le  triangles,  or  chains  of  triangles,  easily  adapt 
themselves  to  topography  of  the  most  complex  character,  whereas  quad- 
rilaterals, with  observable  diagonals,  possess  this  quality  in  the  least 
degree,  and  on  that  account  will  frequently  be  found  impracticable  fig- 
ures. Difficult  stretcher  of  country  may,  therefore,  always  be  most 
easily  crossed  by  simple  triangles.  Pentagons,  or  quadrilaterals  with 
central  points,  also  readily  <tonform  to  the  configuration,  however  com 
plex  or  difficult  it  may  seem.  The  hexagon,  however,  on  account  of  the 
disposition  of  the  stations,  tends  to  retard  rapid  progress,  and  should 
not,  therefore,  be  included  in  a  chain  of  triangulation.  This  figure  finds 
its  most  advantageous  application  when  large  areas  are  to  be  covered, 
as  in  the  survey  of  a  whole  State. 

(6)  It  is  recommended  that  in  all  extensive  chains  of  triangulation 
sites  for  base  lines  be  considered  and  selected  at  intervals  of  from  250  to 
320  kilometres  (155  to  200  miles),  or  at  every  eighth,  ninth,  or  tenth  fig- 
ure, according  to  the  length  of  the  bases,  the  character  and  scope  of 
the  scheme,  and  that  their  connection  with  the  main  chain  be  carefully 
developed  in  order  that  these  connections  may  be  simultaneously  exe- 
cuted with  the  main  work. 

(7)  Whenever  the  purpose  of  a  chain  of  triangulation  requires  the 
traversing  of  flat  or  rolling  country  its  trend  should,  when  practicable, 
rather  follow  than  cross  the  drainage.  Experience  has  shown  that 
when  the  drainage  of  a  country  has  to  be  crossed  by  the  triangulation 
it  can  usually  be  done  only  by  contracting  the  scheme  or  by  elevating 
the  stations  by  means  of  scaflbldings.  Similar  conditions  are  met  with 
in  crossing  high  table-lands  or  flat-topped  or  double  crested  ranges  of 
mountains,  a«,  for  example,  the  Sierra  Nevada,  in  the  region  about 
Lake  Tahoe. 

(8)  Before  taking  the  field  the  reconnoitering  officer  should,  by  a 
careful  study  of  all  available*  mai)S,  make  himself  as  thoroughly 
acquainted  as  j>ossible  with  the  character  of  the  country  to  be  treated, 
the  lines  of  travel,  the  location  and  relative  importance  of  towns  and 
villages,  and,  above  all,  the  drainage,  as  the  latter  will  in  a  great 
measure  determine  the  size  of  the  scheme. 
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(9)  The  field  notes  of  the  reconnoiterer  should  be  exhaustive.  They 
can  never  be  too  full  for  himself  or  his  successors. 

Horizontal  and  vertical  angles  should  be  taken  on  all  prominent 
peaks  and  objects,  even  though  they  are  not  directly  included  in  the 
scheme,  for  they  are  often  invaluable  for  x)urpose8  of  orientation. 
Approximate  latitude  and  azimuth  observations  should  also  be  made, 
and  the  magnetic  bearing  of  prominent  i)oints  be  noted.  Specify  the 
difficulties  of  the  country,  describe  and  carefully  sketch  the  entire 
horizon,  particularly  every  opening  or  notch  through  which  more  dis- 
tant mountains  can  be  seen.  Every  high  point  or  possible  station 
should  be  especially  noted. 

The  plotting  should  bo  kex>t  up  from  day  to  day,  and  a  rough  toiK)- 
graphlcal  sketch  made,  showing  the  main  ridges,  water  courses,  roads, 
trails,  and  habitations.  Comprehensive  notes  with  regard  to  means  of 
transportation,  subsistence  for  man  and  animals,  help,  materials,  and 
accessibility  are  invaluable.  Remarks  with  reference  to  weather  and 
climatic  conditions  are  imjwrtant  and  desirable. 

(10)  On  corai>letion  of  the  reconnaissance,  or  of  the  season's  work, 
a  report,  together  with  sketches  or  diagrams  illustrating  the  schemes 
developed,  should  be  i>repared.  This  rei^ort,  containing  full  and  explicit 
statements  setting  forth  the  economical  and  other  advantages  and  dis- 
advantages, is  to  be  promptly  transmitted  to  the  Superintendent  for  his 
consideration  and  action. 

OUTFIT   AND  INSTRUMENTS  REQUIRED. 

The  camp  outfit  will  necessarily  vary  with  the  character  of  country 
to  be  traversed,  and  should  be  as  light  and  portable  as  possible  for 
reconnaissance  work  in  a  mountainous  or  unsettled  country. 

The  outfit  of  instruments  is  simple,  but  must  be  adequate  for  the 
purpose,  viz: 

Two  aneroid  barometers. 

One  4-inch  theodolite  with  vertical  circle  and  trii>od. 

One  reconnoitering  telescope  of  3-inch  aperture. 

Azimuth  compass,  hand  level,  good  binocular. 

Pocket  box  of  drawing  instruments,  protractor  and  scale. 

Steel  tape. 

Two  heliotropes  for  testing  the  doubtful  intervisibility  of  stations. 

Best  maps  of  the  country  available. 

Projection  with  river  courses  and  known  roads  drawn  thereon. 

Small  photographic  apparatus,  with  films. 

Note  and  sketch  books. 

A  gradienter  will  be  found  a  valuable  instrument  for  reconnaissance. 

Wm.  Eimbeck, 

Chairman  of  Committee, 
Owen  B.  French, 

Secretav'^. 


254  U.  S.  COAST  AND   GEODETIC   SURVEY. 

REPORT  OF  COMMITTEE  B,  ON  BASE  LINES. 

The  Committee  on  Base  Lines  makes  the  following  reiK>rt  to  the 
Conference: 

It  is  not  necessary  to  enter  into  any  historical  account  of  the  dift'er- 
^nt  apparatus  that  have  been  used  at  various  periods. 

A  short  statement  of  the  instruments  in  use,  or  lately  in  use,  in 
foreign  countries  and  in  the  United  States,  and  the  results  obtained 
from  them,  will  be  given,  but  in  the  time  at  our  disposal  it  can  not  be 
complete  nor  will  the  material  in  print  offer  means  for  an  exhaustive 
comparison.  « 

The  following  classification  of  base  api>aratus  covers  all  appliances  in 
general  use: 

(1)  Contact  apparatus,  comprising  compensating,  bimetallic,  and 
monometallic. 

(2)  Optical  apparatus,  comprising  bimetallic,  monometallic,  and  bars 
in  ice. 

(3)  Steel  tape  and  wire  apparatus. 

The  following  is  a  brief  description  of  the  more  promincnf  appliances 
recently  in  use,  but  it  must  be  distinctly  remembere<l  that  all  the  rela- 
tive errors  given,  excepting  those  of  the  Great  Ti-igonometrical  Survey 
of  India,  Lake  Survey,  and  Coast  and  Geodetic  Survey,  are  merely  the 
errors  of  measurement,  and  do  not  include  the  error  of  reduction  to  sea 
level,  nor  the  error  of  the  unit  of  length  of  the  apparatus,  the  latter 
being  undoubtedly  one  of  the  largest  sources  of  error  in  the  determi- 
nation of  the  length  of  a  base  line. 

Base  apparatus  now  in  Wfe — bimet^illic  and  monometallw  (optical). 

SPAIN. 

The  Spanish  bases  have  been  measured  with  two  appliances.  The 
earlier,  designed  by  Brunner,  is  t'"  long  and  consists  of  two  bars,  one  of 
platinum,  whose  cross  section  is  o'"*"  by  21*""',  and  the  other  is  of  brass,  of 
the  same  dimensions.  These  bars  are  fastened  together  in  the  middle, 
and  at  each  end  Borda  scales  are  attached  to  obtain  the  difference  of 
length  due  to  changes  of  the  temperature.  They  are  mounted  on  rollers 
in  the  carrying  case  to  allow  longitudinal  movement.  The  microscopes 
are  mounted  on  independent  trii>ods.  One  base  has  been  measured  with 
this  apparatus  with  an  average  relative  error  of  measurement  of  ij-gei-sjnr* 
(See  ''Memorias  del  Instituto  Geographico,''  Vol.  Y,  1884,  p.  09.) 

Subsequent  to  the  year  1805  an  apparatus  was  devised  by  Colonel 
Ibanez,  which  consists  of  a  4'"  iron  bar  in  the  form  of  an  inverted  "  T,'' 
of  two  bars  of  iron  7'""*  thick,  the  one  in  the  vertical  position  being 
120*"™  high  and  the  one  in  the  horizontal  0C'""»  wide.  They  are  fastened 
together  throughout  theirentire  length  with  angle  irons  bolted  through 
the  two  bars.     Four  mercurial  thermometers  are  x)laced  m  metallic 
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contact  with  the  bars.  The  graduation  trace  for  the  micrometer  point- 
ing is  made  on  the  top  surface  of  the  vertical  member  of  the  bar.  In 
the  field  measurement  the  apparatus  is  uncovered, 
but  the  operations  are  conducted  under  a  wooden 
shelter. 

Eight  bases  have  been  measured  with  this  appa- 
ratus with  relative  errors  of  measurement  ranging 
from  j-s-ii-g^ijo  to  T-rsi-riTTF'  (See  Memorias  del 
Instituto  Geographico,  Vol.  Ill,  1881.) 

Three  bases  have  been  measured  in  Switzerland      ^^^^^^B 7*^  '^ 
with  this  apparatus.     Their  lengths  are  2'4,  2-5, 
and  3'2  kilometres,  and  the  relative  errors  of  measurement  are,  respect- 
ively, j-joi-5ji(5j  T'9Ti~ooir)  ^^^  ^~4~ffi*TTTr?r« 

Base  apparatus — bimetallic  compensating  (optical) 

INDIA. 

The  bases  of  the  Great  Trigonometrical  Survey  of  India  have  all  been 
measured  with  the  Colby  apparatus,  which  is  compensating  and  opti- 
cal, the  unit  of  measurement  being  the  yard.  The  bars  of  brass  and 
iron  are  10-1  feet  (3-08"»)  long,  0-55  by  1-5  inches  (14-0"»«»  by  38-1™")  in 
cross  section,  and  1*3  inches  (33'0™"»)  apart,  rigidly  connected  at  their 
centers  by  a  pair  of  small  steel  cylinders.  These  bars  are  free  to 
expand  from  or  contriict  toward  their  centers  independently  of  each 
other.  Across  each  extremity  is  pivoted  a  short  compensating  lever 
projecting  beyond  the  iron  bar.  The  compensation  point  is  marked  on 
a  silver  pin  near  the  extremity  of  each  lever.  The  distance  of  this 
point  from  the  axes  of  the  pivots  of  attachment  to  the  brass  and  iron 
bars  is  intended  to  be  exactly  in  the  same  proportion  as  the  coefficient 
of  expansion  of  the  two  metals  are  to  each  other. 

The  compound  bar  is  inclosed  in  a  wooden  case,  and  each  component 
rests  at  one-fourth  and  three-fourths  of  its  length  on  brass  rollers  which 
are  fixed  to  the  bottom  of  the  box  and  have  raised  flanges  to  prevent 
lateral  motion.  Longitudinal  motion  is  prevented  by  means  of  a  stay 
fixed  firmly  to  the  bottom  of  the  box  at  its  center  and  projecting 
upward  between  the  two  steel  cylinders.  Here  a  spirit  level  is  attached 
parallel  to  the  direction  of  the  bars,  and  is  read  through  a  glass  cover 
in  the  top  of  the  box.  The  compensation  levers  project  about  2  inches 
beyond  the  sides  of  the  box  nearest  the  iron  bar.  There  are  six  of 
these  compound  bars,  designated  A,  By  0,  D,  E^  and  Hy  supported  on 
strong  brass  tripods  which  are  capable  of  communicating  motion  in  a 
lateral,  Ion gitudinal,  and  vertical  direction.  The  points  of  compensation 
of  these  bars  are  placed  about  6  inches  apart,  and  the  distance  between 
is  read  by  a  pair  of  microscopes  attached  to  two  parallel  bars  of  brass 
and  iron,  both  being  free  to  expand  or  contract  toward  their  centers. 
The  adjustments  are  so  made  that  the  outer  foci  of  the  object  glasses 
are  compensation  points  exactly  6  inches  apart. 
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As  the  measures  are  invariably  nmde  in  tlie  horizontal  xioBition  of 
the  bars,  the  ground  has  to  be  i>repared  very  carefully  and  vertical 
otfsets  are  made  from  time  to  time  as  the  inclination  of  the  ground 
demands.  The  apparatus  requires  8  officers.  The  number  of  men  is 
not  stated. 

Ten  bases  average  between  6  and  7  miles  in  length,  and  were  measured 
with  an  average  speed  of  about  1,000  feet  (305'")  per  day.  Exclud- 
ing all  constant  errors,  the  probable  error  of  a  single  measurement  is 
±  ^^f^cTcTo*  Including  all  known  and  estimated  errors,  the  probable 
error  of  a  single  measurement  of  a  base  is  taken  at  Ar  ^E-^sira'  (See 
Report  Great  Trigonometrical  Survey  of  India,  Vol.  I.) 

Bane  apparatuH. 

BAVARIA. 

In  Bavaria  the  Reichenbacth  apparatus  was  used  in  the  early  part  of 
the  century.  It  consisted  of  five  iron  bars  each  4'"  h)ng  and  22"'" 
square.  The  ends  of  these  iron  rods  terminated  in  blunt  knife  edges, 
that  at  one  end  being  in  the  vertical  anil  the  other  in  the  horizontal 
plane.  During  the  process  of  measurement  a  vertical  and  horizontal 
knife  edge  are  brought  witliin  about  4""»  of  each  other,  the  distance 
between  them  being  measured  with  a  carefully  constructed,  gnuluated, 
long  tapering  wedge  of  hardened  steel.  Tlie  temi)erature  was  obtained 
with  mercurial  thermometers  brought  into  contact  with  the  metal  of 
the  bar. 

The  second  longest  base  on  record,  nearly  20  kilometres  long,  was 
measured  with  this  apparatus. 

SWEDEN. 

Prof.  Edward  Jiiderin,  of  Stockholm,  has  experimented  quite  exten- 
sively with  metallic  wires  and  tapes,  using  two  different  metals,  such 
as  brass  and  iron,  for  tlie  purpose  of  obtaining  the  temperature  cor 
rection  from  them.  No  base  lines  of  note  have,  however,  thus  far  been 
measured  in  Europe  with  such  apparatus.  His  results  are  published 
under  the  following  titles : 

"Geodatische  Langenmessungen  mit  Stahlbandern  und  Metalldriih- 
ten,  von  Edw.  Jaderin,  Stockholm,  1885;  "  also  '•  Kxposeelementaire  de 
la  n(mvello  m^thode  de  M.  Edouard  »Ja(lerin  pour  la  nicsure  des  droites 
geodesiques  au  moyen  de  Bandes  d^icier  et  de  Ills  mctalliques,  par 
P.  E.  Bergstrand,  ingenieur  au  bureau  central  d'arpentage,  a  Stock- 
holm, 1885;"  and  '*Marklig  Liingdfiirandring  hos  geodetiska  basmjit- 
ningsstrangar  at  Edv.  Jiidrin,  1893,  Stockholm." 

Base  apparatus — himetallicy  noncompenmting,  contact, 

THE  BESSEL  BASE  APPARATUS. 

As  this  appliance  has  been  used  in  several  countries,  a  general  descrip- 
tion will  answer.  In  the  usual  form  of  the  apparatus  the  measuring  bar 
is  of  iron,  of  rectangular  cross  section,  on  the  upper  side  of  which  rests 
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a  similar  bar  of  zinc,  but  somewhat  shorter.  One  end  of  this  zinc  bar 
is  securely  fastened  to  the  iron  bar  near  one  of  its  extremities,  the  other 
end  being  free  to  expand.  At  each  end  of  the  iron  measuring  bar  and 
on  its  upper  surface  are  permanently  fixed  blocks  of  metal,  the  outer 
ends  of  which  terminate  in  hardened  knife  edges,  situated  in  the  verti- 
cal plane.  The  fixed  block  on  the  end  at  which  the  free  end  of  the  zinc 
element  rests  has  another  vertical  knife  edge  pointing  toward  the  free 
end  of  the  zinc  bar,  which  also  terminates  with  a  vertical  knife  edge,  leav- 
ing a  small  space  between  these  two  edges.  The  difference  of  expansion 
between  the  iron  and  zinc  for  temx>erature  correction  to  the  iron  bar  is 
here  measured  by  inserting  a  carefully  constructed  graduated  glass 
wedge.  The  customary  method  is  to  use  four  of  these  bars,  placing  their 
ends  near  each  other  and  measuring  the  small  intervening  space  with 
the  glass  wedge  previously  mentioned. 

This  apparatus  has  been  used  in  the  following  countries: 

In  Belgium  two  bases  have  been  measured,  being,  respectively,  2*3  to 
2*5  kilometres  in  length,  with  relative  errors  of  measurement  of  j-  j^-^^f 
and  fi  2ii  od6* 

In  Prussia  eight  bases  have  been  measured,  ranging  in  length  from 
900  toises  (1'7  kilometres)  to  7'0  kilometres,  with  relative  errors  of  meas- 
urement ranging  fix)m  j^i^j^  to  tt^Hito- 

In  Denmark  one  base  1385  toises  (2*7  kilometres)  long  has  l)een 
measured  with  relative  error  of  measurement  of  Fff9^6iro« 

In  Italy  nine  bases  have  been  measured  with  it,  ranging  in  length 
from  340  (0'66  kilometres)  to  5,150  toises  (10-0  kilometres),  with  relative 
errors  of  measurement  ranging  from  yin^V^  to  u-t¥ o-cro^- 

Base  apparatus — bimetallicj  noncompensating  {optical). 

THE  BRUNNEB  APPARATUS. 

As  this  apparatus  has  also  been  used  in  several  countries,  only  a  gen- 
eral description  is  attempted. 

It  is  a  single  bar  4»"  long.  As  used  by  the  French  and  Germans  the 
measuring  bar  is  of  platinum-iridium,  attached  to  which  is  a  brass  one. 
The  two  form  a  Borda  scale  for  determining  the  difference  of  the  lengths 
of  the  bars  due  to  changes  of  temperature.  The  microscoi)es  mounted 
on  independent  supports  have  an  arrangement  for  making  optical  cut- 
offs and  also  an  attachment  for  aligning  the  bars.  The  measurements 
are  now  made  under  canvas-covered  frames,  which  are  brought  forward 
in  sections. 

At  present  this  apparatus  is  the  one  that  is  in  general  favor  on  the 
Continent. 

It  has  been  used  in  the  following  countries  : 

In  Prussia  three  bases  of  1198  toises  (2v'5  kilometres),  1417  toises 
(2*8  kilometres),  and  2*5  kilometres  have  been  measured,  with  respective 

relative  errors  of  measurement  of  t-^t7^ci7o>  Tebi-ooiii  and  -c^^V^vr<.* 
S.  Ex.  19,  pt.  2 17 
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In  France  three  bases  have  been  measured  with  it,  for  only  one  of 
which  the  relative  error  is  given.  This  is  the  Paris  Base,  which  is  7*2* 
kilometres  long,  with  a  relative  error  of  measurement  of  2  itl  000*  This 
base  was  measured  by  two  details  of  officers  and  men,  each  detachment 
consisting  of  4  officers  and  25  men.  The  operations  were  conducted 
with  a  rapidity  of  about  3(K)'"  per  day. 

Ba^e  apparattift — Mmifp  meUillic  oantuct, 

RUSSIA. 

The  principal  apparatus  used  is  that  of  Struve,  which  consists  of  an 
iron  bar  12  French  feet  (nearly  4™)  in  length  and  15  by  15  lines  (about 
34inni  \yy  34ininj  jn  cross  scctiou.  One  end  of  the  bar  terminates  in  a 
steel  plane  and  the  other  has  a  lever  pivoted  to  it.  This  lever  is  so 
arranged  that  the  bar  coming  in  contact  with  it  acts  as  a  fulcrum  and 
its  longest  free  end  moves  ovet  a  divided  scsile. 

Mercurial  thermometers,  whose  bulbs  are  placed  in  cavities  in  the 
iron  bars,  are  used. 

Seven  base^  have  been  measured  with  this  apparatus,  ranging  in 
length  from  1'15  to  2*0  kilometres.  The  same  relative  error  of  meas- 
urement is  given  for  all  of  them,  viz,  T-a4  o-(7oo« 

For  the  measurement  of  secondary  bases  the  Jaderin  apparatus  has 
been  used,  and  is  considered  sufficiently  accurate  for  the  purpose — 
namely,  cartographic  operations. 

Contact  Hcale — Mono- Metallic, 

AUSTRIA. 

In  Austria-Hungary  an  apparatus  is  used  consisting  of  an  iron  bar 
of  rectangular  cross  section,  which  rests  on  12  brass  plates  fastened  to 
the  top  surface  of  a  wooden  beam  which  has  a  wooden  cover.  The 
ends  of  these  iron  measuring  bars,  of  which  4  are  used  in  regular  suc- 
cession, have  plane  end  surfaces.  During  the  operation  of  measure- 
ment the  bars  are  so  placed  that  their  ends  are  a  short  distance  apart, 
and  the  distance  between  is  measured  with  a  short  s(;ale  made  in  two 
parts,  which  slide  on  each  other,  the  respective  ends  of  which  come  in 
contact  with  the  bars. 

Two  mercurial  thermometers  are  used  for  determining  the  tempera- 
ture of  each  bar.  Five  observers  and  10  men  are  required  to  use  this 
apparatus.  Nineteen  bases  have  been  measured  with  this  appliance; 
all  of  them  twice  in  opposite  directions.  They  range  from  2'4  kilo- 
metres to  9'5  kilometres  in  length.    The  relative  error  of  measurement 

is  only  given  for  one,  that  of  the  d'llidze  base,  which  is  iTTT^i-dij^- 

• 

Ba^se  apparatus — MmetalliCy  contactj  compensating, 

THE  LAKE  SURVEY  OP  THE  UNITED  STATES. 

The  first  refined  appliance  used  by  this  organization  was  a  copy  of 
the  Bache-Wurdemann  contact  compensating  apparatus,  as  used  by 
*^>i*^  Coast  Survey  at  that  time.    These  bars  are  15  feet  (4-57"')  long,  and 
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were  used,  between  the  years  1867  and  1875,  in  the  measnrement  of  five 
bases,  whose  lengths  ranged  from  4*9  to  8*8  kilometres,  with  relative 
errors  ranging  from  t^jhtb  ^  ftTaSn^iT- 

OPTICAL  BIMETALLIC,  NONCOMPENSATING. 

Subsequently  the  Lake  Soi'vey  Bepsold  optical  bimetallic  apparatus 
was  devised  and  used.  This  consists  of  a  steel  measuring  bar  4°^  long, 
by  the  side  of  which  is  a  similar  one  of  zinc.  The  two  are  firmly  fast- 
ened together  in  the  middle.  Their  unequal  expansion  is  observed 
upon  scales  at  both  ends  for  determining  the  temperature  of  the  steel 
bar.  This  combination  of  the  two  metals  is  supported  by  a  system  of 
rollers  adjusted  inside  the  carrying  tube  so  as  to  keep  them  in  their 
proper  relation  to  each  other  and  to  allow  free  expansion.  There  were 
also  two  mercurial  thermometers  at  each  end,  with  their  bulbs  inside 
the  tube  cylinder.  The  bar  is  provided  with  a  telescope  for  alignment 
and  a  sector  for  measuring  the  inclinations.  In  measuring,  the  bar  is 
supported  at  the  extreme  ends  of  the  carrying  tube  on  trestles  whose 
heads  are  provided  with  movements  in  three  directions,  by  which  the 
tube  is  placed  in  position  under  microscopes  which  are  mounted  on 
independent  stands. 

Five  officers  and  recorders  and  12  laborers  were  required  to  make 
the  measurements,  an  average  day's  work  being  about  300"". 

Three  bases  were  measured  with  this  apparatus  between  the  years 
1877  and  1879,  ranging  in  length  from  6-2  to  7*6  kilometres,  with 
relative  errors  of  from  ror^-oGis  to  r-orHnxj-  (See  Oomstock's  report 
"Triangulation  of  the  Great  Lakes,''  professional  papers.  Corps  of 
Engineers,  U.  8.  A.,  1892.) 

COAST  AND  GEODETIC  SURVEY. 

The  Coast  and  Geodetic  Survey  has  used  various  appliances.  As 
early  as  1817  a  single  bar  8"*  long,  made  up  of  four  iron  bars  2™  each  in 
length,  clamped  end  to  end,  was  devised  and  constructed  by  Mr. 
Hassler.  The  relative  errors  with  this  apparatus  Avere  about  T^oin)' 
This  was  the  first  optical  monometallic  apparatus  used  in  this  country. 
It  also  had  the  aligning  sector  attached  to  the  top  of  the  carrying  case 
and  the  terminal  micrometer  microscopes  identical  in  principle  with 
those  now  in  use.  (American  Philosophical  Transactions,  Vol.  II,  !N^ew 
Series,  pp.  273-286.) 

In  1845-46  the  BiBiche-Wurdemann  lever  contact  compensating  appa- 
ratus was  devised,  and  was  in  use  up  to  1873,  The  best  results  that 
have  been  obtained  with  it  have  a  relative  error  of  about  Tinha^d' 
Since  then  the  Schott  compensatmg  apparatus  with  contact  slide  has 
been  used  on  two  diflferent  bases,  only  one  of  which  has  been  finally 
reduced,  viz,  the  Yolo,  17^  kilometres  in  length,  with  a  relative  error  of 

T"82T"0"0~0» 
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In  1891  a  steel  bar  in  ice,  with  optical  apparatus,  was  nsed  in  meas- 
uring a  kilometre  of  the  Holton  Base,  with  a  relative  error  of  about 

For  secondary  bases  the  contact  slide  monometallic  apparatus  with 
mercurial  thermometers  has  been  used  since  1855.  It  has  demonstrated 
its  possibilities  up  to  a  degree  of  aecuracy  of  one  part  in  000000. 

Since  1890  two  bases  of  5n')  and  3*8  kilometres  have  been  measured 
with  the  standard  tape  with  relative  errors  not  exceeding  one  part  in 
600000. 

Wire  measurements  have  been  in  use  since  the  year  1848,  varyiug 
in  degree  of  accuracy  as  required  by  the  conditions  to  be  fulfilled. 

The  P^imbeck  duplex  apparatus,  although  suggested  in  February,  1885, 
has  been  only  recently  constructed  by  the  Coast  and  Geodetic  Survey. 
Its  principle  is  to  make  the  bars  themselves  determine  the  correction 
due  to  changes  of  temperature  without  having  recourse  to  the  uncer- 
tain use  of  thermometers  in  the  field,  excepting  it  be  to  furnish  addi- 
tional data. 

The  later  forms  of  apparatus  in  the  United  States  are  more  fully 
referred  to  and  discussed  individually. 

WOODWARD   STEEL  BAR   IN  MELTING  ICE. 

For  a  test  of  the  performance  of  difterent  kinds  of  apparatus  we 
turn  to  the  experiences  gained  in  this  country  by  the  measurement  of 
the  Holton  ba«e  in  Indiana,  on  a  section  of  which,  for  the  first  time, 
the  temperature  effect  was  eliminated  by  the  measurement  of  1  kilo- 
metre of  the  base  with  a  steel  bar  in  ice.  The  section  was  then  meas- 
ured with  a  100™  steel  tape  apparatus,  and,  thirdly,  with  the  secondary 
contact  slide  apparatus,  forms  of  apparatus  so  radically  different  that 
an  agre^ement  between  the  results  obtained  by  them  increases  very 
greatly  the  probability  of  correctness  of  the  several  results. 

The  detailed  report  of  the  experiments,  measurement,  and  reduction 
of  the  Holton  Base  will  be  found  in  the  United  States  Coast  and  Geo- 
detic Survey  Report  for  1892,  Part  II,  Appendix  No.  8. 

The  salient  facts  resulting  from  the  experiments  made  there,  appear 
to  be  that  with  the  5""  steel  bar  in  melting  ice,  whereby  the  temperature 
error  is  eliminated,  a  ba«e  line  can  be  measured  with  a  degree  of  accu- 
racy hitherto  unai>proached. 

One  kilometre  of  the  Holton  Base  was  measured  four  times  with  this 
bar  in  eight  working  days.  After  proper  preparation  800  bars  were  laid 
in  forty-two  and  one-half  hours,  at  an  average  rate  of  19  bars,  or  95™, 
per  hour,  and  a  maximum  rate  of  30  bars,  or  150"»,  per  hour.  This  rate 
of  measurement  is  satisfactory.  In  cost  of  operation  this  ap])aratus  is 
little,  if  any,  inferior  to  the  Bruimer  apparatus  now  used  abroad. 

THE   SECONDARY   CONTACT   SLIDE   APPARATIS. 

In  the  measurement  of  the  Holton  Base  with  this  apparatus,  after 

comparisons  with  the  100'"  comparator  there  established,  a  degree  of 

precision  was  obtained  far  beyond  the  needs  of  the  triangulation 
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dependent  thereon.  The  length  of  the  base  line  is  5*5  kilometres,  and 
it  was  measured  twice  in  fourteen  days.  Two  thousand  six  hundred 
bars  were  laid  in  eighty-three  and  one-half  hours,  with  an  average  rate 
of  31  bars,  ISo"",  per  hour,  and  a  maximum  of  41  bars,  or  205",  in  one 
hour. 

No  grading,  and  very  little  preparation  of  the  ground,  is  necessary  for 
this  apparatus.  The  cost  of  measuring  a  base  with  it  is  about  the  same 
as  with  the  steel  tape. 

It  is  beheved  that  if  the  bar  be  made  to  rest  upon  rollers  and  the 
thermometers  be  placed  in  better  metallic  contact  with  the  bar  the 
apparatus  will  be  improved,  with  very  trifling  addition  to  the  weight. 

This  apparatus  should  be  compared,  before  and  after  any  base  meas- 
urement, with  the  100»"  comparator,  or  directly  with  the  5"  steel  bar 
in  ice. 

In  the  measurements  of  bases  by  bars  the  contact  slide  has  been  used 
with  sufficient  frequency  to  establish  its  efficiency  for  rapid  and  accu- 
rate measurement.  The  range  of  error  in  making  a  coincidence  does 
not  exceed  one-twentieth  millimetre,  and  in  the  large  number  of  con- 
tacts made  in  one  measurement  of  a  base  the  probability  is  that  the 
plus  and  minus  errors  will  balance  each  other. 

STEEL   TAPE. 

The  steel  tapes,  graduated  to  100'",  at  present  in  use  on  the  Coast 
and  Geodetic  Survey  are  lOl'Ol™  long,  6'34™°»  by  0'47°»°*  in  cross  sec- 
tion, and  weigh  22*3  grammes  per  metre  of  length.  They  are  subdi- 
vided into  20°»  spaces  by  graduations  ruled  on  the  tape  itself.  The 
end  graduations  fall  about  0*5"*  from  the  tape  ends,  which  terminate 
in  loops  formed  by  annealing  and  riveting  the  tape  back  on  itself.  The 
surface  of  the  tape,  where  it  is  not  polished  to  receive  the  graduation, 
is  of  a  dull  black  color.  When  not  in  use  the  tapes  are  rolled  up  on  reels 
not  less  than  0-3"*  in  diameter,  and  may  thus  be  transported  with  ease 
and  safety.  The  stretchers  used  with  these  tapes  are  fully  described  in 
Professor  Woodward's  report  of  the  Holton  Base,  as  also  the  method 
of  preparing  the  line,  making  the  measurement,  protecting  the  ther- 
mometers, etc.  The  determination  of  the  temperature  is,  as  in  all  other 
forms  of  base  apparatus,  the  most  uncertain  element  in  the  operation, 
and  needs  further  study  and  investigation. 

The  experiments  and  measures  at  the  Holton  and  St.  Alban's  bases, 
which  were  measured  six  and  five  times,  respectively,  have  shown  rela- 
tive errors  of  1 : 1 300  000,  which  are  very  satisfactory,  and  may  be  dimin- 
ished when  the  temx)erature  is  more  accurately  determined.  Judging 
from  these  experiences,  the  steel  tape  commends  itself  for  accuracy, 
and  over  many  varieties  of  surface  and  classes  of  ground  illy  adapted 
to  an  apparatus  supported  on  trestles,  great  economy  may  be  expected 
from  its  use. 
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Carefdlly  and  judiciously  handled,  the  steel-tape  apparatus  will  doubt- 
less attain  a  good  standing  throughout  the  United  States,  where  so 
many  extensive  and  independent  surveys  are  being  carried  on,  and 
especially  in  all  newiy  undertaken  projects. 

The  published  accounts  of  foreign  base  measurements  do  not  give 
sufficient  data  to  judge  of  the  cost  of  the  measurement  nor  of  the  num- 
ber of  officers  and  men  necessary,  save  in  two  instances;  neither  are  the 
rates  of  measurement  always  specified,  although  it  may  be  assumed  to 
be  very  close  to  300™  per  diem. 

The  offi(;ers  and  men  belong  to  the  military  arm  of  the  Government 
service,  and  even  if  we  knew  their  numbers  the  cost  of  measurement 
would  not  be  readily  comparable  with  civilian  work.  It  is  very  likely 
that  more  soldiers  are  detailed  for  the  work  of  measurement  than  are 
absolutely  necessary. 

For  example,  we  find  for  the  measurement  of  the  Bonn  Base  the  fol- 
lowing detail :  One  civilian  chief,  6  officers,  8  officials,  2  subalterns,  11 
pioneers,  and  42  infantry  soldiers,  a  total  of  70  persons.  And  in  the 
measurement  of  the  Paris  Base  58  officers  and  soldiers  served  m  two 
detachments  at  different  times. 

The  following  tables  have  been  appended  to  give  an  idea  of  the 
number,  length,  etc.,  of  the  bases  measured  in  foreign  countries  and 
in  the  United  States. 

Table  I  shows  the  niimber  of  geodetic  bases  measured  in  the  various 
countries  doing  geodetic  work. 

Table  II  shows  the  approximate  length  of  these  bases. 

Table  III  gives  the  principal  bases  of  the  United  States,  together 
with  approximate  length,  relative  error,  and  apparatus  used. 

Tables  IV  and  V  give  more  completely,  statistics  of  a  few  of  the  most 
important  bases  of  the  United  States. 

Tablr  I. — Tabh  ahowing  the  number  of  geodetic  basee  fMasured  by  the  various  countriet 

doing  geodetic  work. 


Name  of  country. 


Number. 


Austria- Hungary 

Belgium 

Denmark 

France  and  Algiers 

Germany 

Great  Britain 

India  and  Cape  Colony.. 

Greece 

Holland 

Italy _ 


Name  of  country. 


19 

2 

2 

13 

15 

7 

13 
I 

I 
9 


Norway 

Peru 

Portugal 

Russia  .  _      .  _ 

Spain 

Sweden 

Switzerland- - 
United  States 

Total  . . 


Number. 


4 
I 

I 

20 

9 
6 

5 
29 


I     ^57 
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Tablk  II. — Table  Bhofoing  lengths  of  geodetic  hates  compiled  from  1H7  bases  of  tlte  world. 


Lengths. 

Number. 

i 

1                  Lenjirths. 

Number. 

o-  I  kilometres 

I 

11-12  kilometres 

12 

I-  2             * 

5 

12-13 

6 

2-  3 

28 

13-H 

3 

3-  4 

*5 

14-15 

3 

4-  5 

13 

15-16           * 

«M  «■ 

5-6 

•    16 

16-17           * 

^    ^ 

6-7 

10 

17-18 

3 

7-8 

10 

18-19 

8-9 

14 

19-20           * 

2 

9-10          * 

5 

20-21           * 

mm  .... 

— . 

lO-II              * 

10 

21-22             * 

f 

1 
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Table  IY. —  United  Statei  Coast  and  Geodetic  Survey — Measitremente  of  primary  base 

lines. 

[Prepared  by  Assistant  Edward  Goodfellow.] 

THE  BACHE-WURDEMANN  COMPENSATING  BASE  APPARATUS. 


Year  of 
measure. 


1847 


1848 


1850 


1855 


1855 


1857 


Locality,  etc. 


Dauphin,  Island, 
Ala.  Sand,  low 
grass,  rushes,  etc. 

Bodies  Island,  N.  C. 
Sea  beach,  sandy 
and  marshy. 

Edisto  Island,  S.  C. 
Cultivated  fields, 
clay  and  loam. 

Key  Biscayne,  Fla. 
Calcareous  soil, 
coarse  grass,  pal- 
mettoes,  etc. 

Cape  Sable,  Fla. 
Calcareous  soil, 
grass,  samphire 
weed,  etc. 

Epping  Plains,  Me. 
Rolling,  sandy 
plain,  many  irregu- 
lar ridges. 


Length  of 
bmae. 


m. 
10661  8376 


108417524 


10721-4231 


5789*2262 


643»*59i3 


87 I 5  9422 


Probable 
error  of 
length. 


m. 
J-0-0260 


j.00255 


-1-0-0286 


J-0-OI27 


±0-0157 


-i.o-oi58 


Propor- 
tional part 
of  length. 


41 


0  07  I 


TITTB^I 


xrhsJis 


455  K45 


409  (!56 


Days  oc- 
cupied. 


■i 


ggl  tf4g 


17 


10 


»3 


8 


8 


Average  Mean  tern- 
length  perperatureof 
day.        measure. 


m. 
627*17 


1084-17 


824-72 


66432 


803-95 


1089-49 


84-5 


520 


59*5 


829 


879 


70-0 


Note. — 1894,  January  27 — The  data  given  here  and  on  the  following  page  for  the  seven 
primary  bases  measured  with  the  Bache-Wurdemann  apparatus  have  been  taken  from  the 
annual  reports,  except  for  Epping  Base,  which  was  furnished  by  Assistant  Schott. 
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From  the  six  earlier  bases  measured  with  the  heavy  Bache-Wurde- 
mann  apparatus  givien  in  Table  FV^  we  condense  the  following  statistics: 
Each  base  was  m^sured  but  once,  and  the  total  of  the  lengths  meas- 
ured was  53  kilometres,  at  the  rate  of  84:0"»  i)er  diem,  and  the  highest 
daily  average  was  1Q89".  'No  hours  are  given,  and  the  number  of 
oflftcera  and  men  is  not  mentioned.  The  relative  eiTor  varied  between 
1 :  410  000  and  1 :  553  000^  but  these  included  the  error  of  unit  of  standard 
and  reduction  to  sea  level. 

From  the  later  bases  of  the  Coast  and  Geodetic  Survey,  given  in 
Table  V,  the  following  statistics  are  obtained : 

Five  bases  each  employed  17  men,  who  measured  150"  per  hour,  and 
reached  2000'"  in  seven  and  one-half  hours  (in  third  measurement). 
The  reduced  measures  give  relative  errors  from  1 :  563  000  to  1 : 1 822  000. 
Two  bases  measured  with  steel  tapes  employed  12  men,  who  measured 
the  bases  six  and  five  times,  respectively,  at  the  rate  of  1280"*  per  hour. 
These  gave  relative  errors  of  1 : 1 375  000  and  1 : 1 290  000.  The  relative 
errors  of  all  these  measurements  include  the  unit  of  standard,  etc. 

In  the  measiu*ement  of  Yolo  and  Los  Angeles  bases  with  the  Schott 
apparatus  the  following  officers  and  men  were  employed:  Six  officers, 
6  men  at  bars,  tripod,  and  plates,  5  men  pushing  movable  cover,  etc. 
Besides  these  necessary  people,  there  were  1  man  for  bridges,  extra 
driver,  etc.,  1  watchman,  1  driver,  3  cooks  and  waiters. 

THE   SITE   OF   THE   BASE  LINE. 

In  a  mountainous  region  the  selection  of  a  site  is  frequently  a  very 
difficult  matter.  It  should  be  located  by  the  reconnaissance  party,  and, 
if  practicable,  more  than  one  should  be  selected. 

One  of  the  factors  in  the  rapidity  of  measurement  of  the  base  line, 
whether  primary  or  secx)ndary,  is  the  character  of  the  site.  In  any 
case  it  should  be  prepared  witli  only  sufficient  care  to  permit  effective 
measurement  by  the  apparatus  used.  If  bars  and  trestles  are  used, 
the  surface  should  be  no  more  disturbe<l  than  t<>  ])ermit  the  prompt 
placing  of  the  tripod  supports. 

FIELD    PROCEm^RK. 

The  method  ot*  procedure  in  the  fiehl  must  necessarily  vary  accord- 
ing to  the  apparatus  used  and  the  local  conditions  of  the  country.  An 
example  of  the  method  used  with  the  slide  contact  bars  can  be  found 
in  reports  on  the  Yolo  and  Los  Angeles  bases  in  the  United  States 
Coast  and  Geodetic  Survey  Report  for  1882,  Appendix  8,  and  Report 
for  1889,  Appendix  10.  For  the  method  used  with  the  iced  steel  bar 
and  100"^  ste^l  tapes  see  Professor  Woodward's  reports  on  the  Hoi  ton 
and  St.  Albans  bases. 

In  the  work  of  measurement  the  iirst  measure  re<[uires  time  for  <lrill- 
ing  all  persons  in  i)reeision  and  rapidity  of  action,  and  a  repetition  of 
the  measure  can  be  made  in  much  less  time  than  the  iirst  and  very 
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probably  with  more  acHJiiracy.  Tlie  rapidity  of  measurement  conduces 
to  accuracy  when  movable  tripod  supports  are  used,  because  it  lessens 
the  liability  of  change  in  the  x>osition  of  the  bar. 

For  transferring  the  end  of  the  bar  to  the  ground  when  measure- 
ment is  suspended  various  forms  of  apparatus  have  been  used.  For 
end  contact  bars  some  form  of  transit  sector  is  generally  used.  It  is 
set  up  at  right  angles  to  the  base,  opposite  to  the  end  of  the  bar,  the 
terminal  of  which  is  transferred  by  means  of  it  to  a  scale  placed  on 
the  ground  mark.  When  the  optical  measiuing  apparatus  is  used, 
the  Eepsold  cut-oft'  is  preferred,  a  description  of  which  can  be  found 
in  the  Eeport  of  the  Lake  SurVey. 

THE   A(UJITUACY   ATTAINABLE   IN   BASE  MEASUREMENTS. 

The  great  importance  to  geodesy  of  the  adoption  of  the  metre  as  the 
international  unit  of  length  need  not  be  i)ointed  out,  but  the  establish- 
ment of  an  International  Bureau  of  Weights  and  Measures  for  the  com- 
parison of  standards  is  here  adverted  to,  not  only  in  recognition  of  its 
eminent  services  to  geodesy,  but  because  its  work  must  now  be  taken 
as  the  standard  of  attainable  accuracy  in  metrological  work. 

Attention  may  also  be  called  to  the  results  of  a  study  made  recently 
at  the  International  Bureau  of  Weights  and  Measures  of  nickel  and 
certain  alloys  in  regard  to  their  suitability  for  line  standards.  Nickel 
bronze  and  aluminium  bronze  showed  a  decided  change  in  length  after 
repeated  heating  to  lOO^  and  cooling  to  0^.  Phosphor  bronze  showed 
no  such  change.  A  short  nickel  bar  was  found  to  answer  all  the 
requirements  considered,  namely,  price,  hardness,  susceptibility  to  a 
high  i)olish,  high  modulus  of  elasticity,  and  resistance  to  deteriorating 
effects  of  moisture  and  of  such  chemical  agencies  as  are  commonly 
used  in  laboratories.  Nickel  bars  of  suitable  lengths  for  geodetic 
standards  have,  however,  as  yet  not  been  made. 

Prom  the  report  of  the  International  Conference  on  the  Construc- 
tion and  Comparison  of  the  New  Metric  Prototypes,  of  which  the  United 
States  has  two,  it  appears  that  the  probable  error  of  the  result  of  the 
comparison  of  two  prototypes  was  only  ±0*04  micron  at  the  tempera- 
ture at  which  the  comparisons  were  made.  Taking  into  account,  how- 
ever, the  coefficient  of  expansion  of  2p[,,  the  final  estimate  of  the  accuracy 
reached  is  stated  in  the  following  words : 

It  may  be  concluded,  therefore,  that  the  equations  of  the  prototypes  lead  to  a  knowl- 
edge of  their  absolute  lengths  with  an  average  probable  uncertainty  which,  under 
the  temperature  conditions  usual  in  metrological  operations — that  is,  between  2(P  and 
25*^  C. — lies  between  0*1  micron  and  0*2  micron,  and  at  a  higher  temperature  it  may 
slightly  exceed  the  last- mentioned  limit. 

The  belief  is  also  recorded  that  if  the  comparisons  between  all  the 
prototypes  were  gone  over  again  the  mean  differences  found  would  be 
of  that  order  of  magnitude. 
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When  it  is  considered  that  the  comparisons  above  referred  to  were 
made  ander  the  most  favorable  conditions,  such  as  uniformity  of  tem- 
perature, identity  of  material,  perfect  illumination,  and  that  slight 
imperfections  in  the  latter  alone  introduce  very  material  discrepan- 
cies, we  may  conclude  that  no  geodetic  standard  can  be  known  with 
a  higher  degree  of  accuracy  than  1  part  in  5  000  000  of  its  length  in 
terms  of  the  international  unit. 

Since  all  the  operations  involved  in  base  measurement  tend  to  de- 
crease this  degree  of  accuracy,  we  may  assume  that  1  part  in  5  000  000 
of  its  length  is  a  higher  degree  of  accuracy  than  can  ever  be  attained 
in  practice  by  known  methods.  If,  in  contradistinction  to  this  estimate, 
the  probable  errors  of  certain  famous  base  measures,  like  that  of  the 
Madridjos  Base,  are  cited  {^-hsI  86o)?  i*  must  be  remembered  that  they 
do  not  refer  to  the  absolute  length  of  the  base. 

That  it  is  possible  to  measure  a  base  line  repeatedly  with  the  same 
apparatus  with  a  surprising  accordance  between  measures,  indicates 
that  the  elimination  of  the  accidental  errors  has  been  successfully  met 
by  the  different  forms  of  apparatus  in  use;  and  it  is  also  believed  that 
the  various  methods  of  observing  successive  lengths  of  the  same  bar  or 
systems  of  bars  are  sufficiently  precise.  On  the  other  hand,  that  con- 
stant errors  exist  which  are  in  the  main  due  to  a  defective  knowledge 
of  the  temperature  of  the  bars  is  a  fact  commonly  assumed  or  proven 
by  the  lag  of  mercurial  or  bimetallic  thermometers  used  on  various 
apparatus.  These  constant  errors  are  not  easily  determined,  but  are 
now  the  principal  sources  of  error. 

Becently  experiments  to  elucidate  this  point  have  been  made  abroad, 
as  well  as  in  this  country,  by  measuring  the  same  base  with  different 
forms  of  apparatus.  Thus,  a  base  at  Bonn  has  been  measured  with  the 
Bessel  apparatus  and  again  with  the  Brunner. 

The  results  of  the  measurement  with  the  Bessel  apparatus,  made 
twice  with  rising  and  twice  ^vith  falling  temperatures,  indicate  a  relative 
error  of  riiF^-o thj-  The  same  base,  which  is  2*5  kilometres  long,  was 
then  measured  with  the  Brunner  apparatus,  and  it  is  stated  that  the 
agreement  with  the  former  measures  is  excellent,  if  we  regard  a 
discrepancy  of  l**^",  or  23^0 oo?  as  *  constant  error,  the  cause  of  which  is 
not,  however,  known  and  is  being  investigated. 

We  also  have  the  results  of  the  measurements  of  the  Undine  Base,  as 
obtained  by  the  Austrians  with  their  apparatus  and  by  the  Italians 
with  the  Bessel  apparatus.  Here  the  difference  is  only  4™"*  in  a  total 
length  of  3*248  kilometres,  or  fTDtjSroo* 

The  Brunner  apparatus,  elsewhere  described,  is  the  one  used  most 
recently  in  France  and  by  General  Derrecagaix.  It  is  considered  a 
model  form  of  a  modern  base  apparatus,  and  his  opinion  was  apparently 
shared  by  other  geodesists,  for  the  Spanish,  French,  andOermans  have 
adopted  it,  notwithstanding  its  great  cost  and  the  slowness  of  its 
manipulation. 


270  U.  S.  COAST  AND  GEODETIC  SURVEY. 

The  relative  error  of  measurement  for  the  Bmnner  apparatus,  as 
used  by  the  French,  is  about  r-rsho'woy  ^^^  *^©  experience  gained  at  Bonn 
indicates  that  the  measure  of  its  real  accuracy  is  still  open  to  question, 
as  above  mentioned. 

The  measurement  of  the  Holton  Base  with  the  100"»  steel  tape  and  5™ 
secondary  bars  in  the  United  States  also  shows  a  marked  difference. 
Each  considered  alone  gives  a  relative  error  of  less  than  nnro-^uTr?  y®^ 
differ  by  1  part  in  350  000. 

NUMBER   OF  MEASUREMENTS  OF   A  BASK  LINE. 

As  a  test  of  the  accuracy  of  the  work  and  to  afford  an  opportunity 
for  eliminating  errors  of  temperature  each  base  should  be  measured  at 
least  twice.  It  has  already  been  stated  that^  owing  to  the  experience 
gained  in  a  first  measurement,  the  second  can  be  made  much  more 
rapidly  than  the  first.  On  this  account,  and  because  a  large  part  of  the 
cost  of  such  oi>erations  is  the  expense  of  preparing  the  line,  putting 
the  party  and  equipment  into  the  field  and  taking  them  out,  the  second 
measure  increases  the  cost  of  the  work  but  slightly,  while  the  advantage 
derived  firom  it  is  very  great. 

Whenever  the  steel  tape  is  used  for  primary  work  it  is  recommended 
that  at  least  four  measui*es  be  made,  using  two  different  tapes,  and  in 
such  a  manner  as  to  eliminate  the  effect  of  thermometer  lag  as  nearly 
as  possible;  i.  e.,  by  measuring  each  section  with  each  tape  under  both 
rising  and  falling  temperatures. 

FREQUENCY   OF  BASE   LINES. 

In  mauy  cases  the  length  of  the  triangle  sides  and  the  nature  of  the 
country  constrain  the  economical  introduction  of  bases.  Areas  like  the 
great  plains,  however,  afford  many  opportunities  for  introducing  bases 
economically,  and  where  that  can  be  done  it  is  advisable  to  obtain 
accuracy  by  a  multiplication  of  bases  rather  than  by  refinements  in  the 
triangulation. 

RELATION  OF  THE  ACCURACY  OF  BASE  MEASUREMENT  TO 

TRIANGULATION. 

It  stands  to  reason  that  the  degree  of  accuracy  to  be  aimed  at  in  the 
measure  of  a  base  line  depends  largely  on  the  object  the  base  has  to  sub- 
serve, on  the  apparatus  and  the  time  available,  and  on  the  money  allotted. 
Hence,  no  definite  limit  can  be  ai^signed.  With  the  perfection  of  tlie 
means  available  a  line  may  readily  be  measured  with  a  probable  error 
of  j-o-(ri-o"o-ff  o^  1*8  length  so  far  as  mere  measurement  is  concerned.  On 
the  other  hand,  when  all  the  errors  which  may  enter  have  contributed 
their  share,  the  actual  uncertainty  may  be  considerably  greater.  It  may 
be,  say,  twice  or  three  times  the  above;  but  as  no  additional  expense  is 
involved  by  carefully  attending  to  detail,  the  observer  will  in  all  cases 
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do  his  best  with  the  means  on  hand.  The  high  degree  of  accuracy 
ordinarily  within  his  reach  at  present  is,  however,  rapidly  dissipated 
through  the  angular  measure  of  the  two,  three,  or  more  steps  required 
to  refer  the  length  of  the  base  to  the  first  line  of  average  length  of  the 
triangulation.  It  may  be  further  remarked  that  high  accuracy  in  the 
angular  measures  of  the  littter  is  needed  if  an  error,  say  iz^(nnij  is  to  be 
maintained  or  not  to  be  exceeded  throughout  the  chain  of  triangles. 

In  tertiary  triangulation  an  average  uncertainty  or  limit  of  ^-(fJjnioj 
or  even  ,^-i-ooj  ™^y  ^^  satisfactory  for  the  special  puriK)se.  For  inter- 
mediate secondary  triangulati<m  the  fraction  of  the  length  jjnf^inf  to 
^^^nr  ™^y  ^®  suitable,  and  the  degree  of  accuracy  for  the  base  sup- 
porting such  work  should  be  graduated  accordingly,  yet  with  the  pre- 
eaution  above  adverted  to. 

The  observ^er  should  pay  especial  attention  to  the  minute  and  carefid 
centering  of  the  stations  which  constitute  the  base  figure. 

RECOMMENDATIONS. 

In  conclusion,  the  committee  recommend  that  further  experiments 
with  the  steel  tape  be  maile  especially  with  a  view  to  a  better  deter- 
mination of  its  temperature.  This  recommendation  seems  to  be  war- 
ranted by  the  results  of  the  measurements  of  the  llolton  Base. 

2.  That  the  new  duplex  apparatus  just  completed  by  the  Survey  be 
given  a  thorough  and  careful  trial  as  soon  as  practicable. 

3.  That  the  iced  bar  be  used  to  lay  oli'  a  lOO""  comparator  at  the  bases 
where  the  above  recommendations  are  followed. 

4.  That  in  all  measurement  due  regard  be  paid  to  rising  and  falling 
temperatures,  so  as  to  eliminate  as  much  as  possible  the  errors  due  to 
lack  of  knowledge  of  temperature  of  the  measuring  apparatus. 

5.  That  the  tripods  for  supporting  bars  be  made  of  metal,  and 
embrace  the  details  which  experience  has  shown  to  be  conducive  to 
accuracy  and  rapidity  of  measurement. 

6.  That  ordinarily  the  base  line  be  <livided  into  sections  one  half 
kilometre  in  length. 

7.  That  a  100°»  comparator  be  established  in  Washington  for  the  pur- 
pose of  testing  steel  tapes  and  contact  slide  apparatus. 

8.  That  in  future  use  of  the  steel  bar  in  ice  the  water  in  the  Y  trough 
be  not  drained  off  below  the  surface  of  the  bar,  in  order  to  remove  any 
possibility  of  doubt  as  to  the  actual  temperature  of  the  bar. 

George  Davidson,  Chairman. 
Owen  B.  French,  /Secretary. 
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BEPOET. 

(1)  Object  of  triangulation. — The  general  object  of  triangnlation  is 
well  understood.  It  is  primarily  to  furnish  absolute  or  relative  geo- 
graphic positions  of  a  series  of  prominent  points  spread  over  extende<l 
areas,  and,  secondarily,  to  provide  the  necessary  data  for  topographic 
and  hydrographic  surveys.  It  furnishes  the  throe  coordinates  of  each 
place,  viz,  the  latitude,  the  longitude,  and  the  altitude. 

(2)  Classification. — In  its  execution  great  diversity  exists,  de])ending 
upon  the  special  object  of  the  work,  as,  for  instauce,  whether  designed 
as  a  contribution  to  the  measure  of  the  figure  of  the  earth  or  simply  to 
give  the  relative  positions  necessary  for  the  traverse  work  of  a  county 
or  for  the  production  of  a  city  map.  The  larger  operation  is  purely 
geodetic  in  character;  the  smaller  one  refers  to  plane  surveying.  The 
methods  of  observing,  the  instruments,  the  method  of  computation, 
the  accuracy,  etc.,  are  ditt'erent  for  diiferent  classes  of  work;  hence,  for 
convenience  certain  more  or  less  well-defined  subdivisions  have  been 
made,  such  as  main  and  subordinate  triangulations,  primary,  secondary 
and  tertiary  triangulations. 

By  the  term  main  triangulation  we  understand  the  principal  series 
of  triangles  which  compass  along  the  shortest  line  the  whole  extent 
of  the  surface  or  country  under  consideration,  and  by  subordinate  tri- 
angulation any  series  of  triangles  which  depend  for  their  support  on 
the  main  series  and  which  may,  if  small  enough,  be  contained  within 
it  or  branch  off  from  it  in  any  direction.  The  other  <dnssitication,  into 
rimary,  secondary,  and  tertiary,  is  more  technical. 
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(3)  Primary  triangulation  is  characterized  by  the  greatest  develop- 
ment of  length  of  sides  practicable  (depending  on  the  heights  of  moun- 
tains) and  by  the  greatest  accvnracy  of  measure.  The  geodetic  positions 
will  depend  on  direct  observation  of  astronomical  latitudes,  longitudes, 
and  azimuths.  Eefined  base  lines  furnish  the  linear  measures.  The 
length  of  sides  may  ordinarily  vary  between  50  kilometres  (say,  31 
statute  miles)  and  150  kilometres  (say,  93  statute  miles),  but  may  reach 
250  kilometres  (or  155  statute  miles),  and  objects  distant  300  kilometres 
(or  186  statute  miles)  and  over  have  been  sighted.  In  computing  tri- 
angulations  developed  on  such  large  scales  (as  in  California,  Nevada, 
and  Utah)  we  have  to  consider  the  spheroidal  excess;  the  reduction  to 
sea  level  of  the  horizontal  directions  on  account  of  height  of  station 
sighted;  the  reduction  of  the  astronomical  latitude  for  height  of  station 
occupied,  the  vertical  being  a  curved  line;  the  employment  of  formulae 
for  the  computation  of  position  of  greater  accuracy  than  Puissant's 
modified  formulae,  ordinarily  used  on  the  Sur\'^ey;  the  use  of  logarith- 
mic tables  of  eight  places  of  decimals,  etc. 

(4)  Tertiary  triangulation  is  designed  to  furnish  positions  of  a  suffi- 
cient number  of  points  as  a  basis  for  developing  topographic  or  hydro- 
graphic  surveys,  and  its  extent  is  so  limited  that  the  area  covered  may 
be  taken  as  that  of  a  plane  surface;  hence  the  length  of  its  sides  is 
usually  between  1  and  15  or  20  kilometres  (say,  i  to  9  or  12  statute 
miles).  Five  places  of  decimals  suffice  for  the  computation  of  its 
sides. 

(5)  Secondary  triangulation  bears  an  intermediate  character  between 
the  other  two  classes  and  simply  effects  the  connection  between  them; 
i.  e.,  the  descent  from  the  long  sides  of  a  primary  triangulation  to  the 
short  ones  of  the  tertiary,  constitutes  its  character.  Its  sides  may  there- 
fore vary  considerably ;  that  is,  between  the  lower  limit  of  the  former 
and  the  upper  limit  of  the  latter  class.  The  spherical  excess  and  Legen- 
dre's  theorem  are  introduced  and  seven  places  of  decimals  are  gener- 
ally employed  in  the  computation  of  its  sides. 

It  may  be  remarked  here  that  in  our  middle  latitudes  (about  37°)  an 
area  of  196*8  square  kilometres  (or  76  square  statute  miles)  corresponds 
to  a  spherical  excess  of  1". 

(6)  Adaptation  to  the  surface  of  tlie  ground. — In  general,  the  most  ele- 
vated peaks  and  mountain  ranges,  up  to  the  limit  of  a<3cessibility,  are 
the  most  favorable  positions  for  stations.  Two  parallel  ranges  inclosing 
a  valley  offer  great  facilities,  as  the  latter  can  generally  be  straddled 
by  wellproi>ortioned  figures;  so  also  do  high  buildings  in  the  case  of 
small  triangulations.  On  the  other  hand,  fiat  regions,  especially  when 
wooded,  are  to  be  avoided  if  possible;  also  ridges  when  wooded  and  of 
equal  height.  These  a)id  related  considerations,  however,  belong  to  the 
subject  of  reconnaissance  (which  see).  Whether  it  will  be  better  to 
build  high  stru(»tures  to  overcome  obstructions  or  to  cut  lanes  or 
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avenaes  through  forests  is  largely  a  matter  of  economy  of  money  and 
time,  but  high  structores  do  not  afOBct  the  aocuracy  of  the  survey. 

(7)  General  form  of  main  triangutation. — Two  systems  have  been 
employed  in  the  triangulation  of  countries,  the  so-called  gridiron  and 
central  systems.  The  former  starts  out  with  a  series  of  parallel  chains 
of  triangles  at  certain  intervals,  intersected  by  other  chains  at  right 
angles  to  them.  The  rectangularly  shaped  open  spaces  are  then  to  be 
filled  up  by  subordinate  triangles.  The  latter  system  starts  from  the 
center  of  the  country  and  extends  radially  in  all  directions,  thus  grow- 
ing by  concentric  rings  of  triangles  which  eventually  will  cover  the 
whole  area.  The  first  system  is  far  preferable,  as  it  lends  itself  better 
to  computation  (adjustment)  and  admits  of  preference  being  given  to 
the  advancement  or  completion  of  the  survey  at  certain  places.  Prac- 
tically the  two  systems  may  alternate  or  merge  into  one  another. 

(8)  Geometrical  composition  of  a  triangulation. — Triangulation  chains 
may  be  made  up  of  a  series  of  single  connected  triangles,  a  series  of 
hexagons  (or  other  polygons)  hinged  together  on  one  side,  or  a  series 
of  quadrilaterals  placed  together.  Their  relative  advantages  are :  For 
the  triangle  series,  least  number  of  stations  and  rapidity  of  measure — 
hence  economy;  for  the  polygon  series,  great  extent  of  surface  covered, 
and  for  the  quadrilaterals,  great  accuracy.*  In  practice  the  geomet- 
rical figures  will  be  found  distorted  and  generally  lengthened  out  in  the 
direction  of  the  axis  of  the  triangulation ;  likewise  interlaced  and  com- 
bined in  a  variety  of  ways  so  as  to  take  advantage  of  favorable  points 
presented.*  In  the  case  of  single  triangles  the  angle  opposite  to  the 
base  side  should  not  be  too  small  for  favorable  intersection,  and  in  com- 
plex cases  the  observer  should  have  a  well-defined  and  uniformly  strong 
scheme,  avoiding  complications  of  lines. 

(9)  Frequency  and  length  of  base  lines  and  their  connection  with  the 
triangulation. — ^The  number  of  base  lines  to  be  introduced  into  a  trian- 
gulation, as  well  as  the  length  of  the  bases,  depends  on  the  average 
length  of  the  sides  of  the  triangulation  and  upon  the  degree  of  accu- 
racy desired  for  the  latter.  Owing  to  the  fact  that  base  lines  can  be 
measured,  and  are  rightly  measured,  with  much  greater  accuracy  than 
can  be  sustained  through  a  triangulation,  it  is  plain  that  in  order  to 
increase  its  accuracy  we  must  introduce  more  base  lines,  or  increase 
the  number  rather  than  their  length.  The  transflBr  of  the  compara- 
tively short  length  of  a  base  to  the  greater  length  of  a  side  of  the 
triangulation  is  generally  effected  by  several  steps  so  as  to  avoid  too 
acute  angles,  and  consequently  loss  of  accuracy.  The  figure  of  the 
base  net  connecting  the  base  with  the  triangulation  is  therefore  one  of 
importance,  and,  ideally,  may  be  described  as  a  series  of  quadrilaterals 
with  diagonals  intersecting  at  right  angles,  the  length  of  these  diag- 
onals increasing  ordinarily  in  a  ratio  of  1  to  2  or  3,  thus  requiring 


*See  Annual  Report  United  States  Coast  and  Greodetic  Survey  for  1876,  Appendix 
No.  20. 
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several  steps  to  asceod  to  the  length  of  a  main  line.    Ordinarily  two  or 
•three  may  suffiee.* 

No  precise  rule  for  deciding  a  priori  on  the  length  of  a  base  can  be 
given.  Any  of  the  fractions  one-tenth  to  one-sixth  of  the  length  of  an 
average  side  of  the  triangalation  may  be  nseful  for  an  estimate,  since  the 
actual  length  of  base  lines  varices  between  wi<le  limits.  For  a  triangula- 
tion  of  the  first  order  of  magnitude  the  length  maybe  15  kilometres  (9*3 
statute  miles)  or  slightly  more;  for  a  third  order  triangulation  it  may  be 
1  kilometre  (O-G  statute  miles)  or  even  less.  Base  lines  between  5  and  8 
kilometres  (say  4  to  5  statute  miles)  in  length  are  the  most  common. 
They  should  be  measured  at  least  twice,  once  with  rising  and  once  with 
falling  temperature — a  very  important  condition,  only  to  be  omitted 
when  a  <^bar  in  ice^  apparatus  is  used.  For  subdivisions  of  a  base  dis- 
tances of  0*5  to  1  kilometre  are  suitable.  These  are  needed  for  furnish-^ 
ing  the  data  for  that  part  of  the  probable  error  of  a  base  which  depends 
on  the  measurement  alone.  The  more  accurate  the  angular  measures  in 
a  chain  of  triangulation  the  greater  may  be  the  distance  apart  of  its  base 
lines.  This  distance  varies  accordingly  between  wide  limits,  but  ordi- 
narily may  be  from  20  to  40  times  (or  more)  the  combined  length  of  the 
bases. 

Nevertheless  there  may  be  conditions  in  the  orography  of  the  country 
which  constrain  the  location  of  baselines,  as,  for  example,  on  the  Pacific 
Coast  and  through  the  region  of  the  Sierra  Nevada  and  the  Kocky  Moun- 
tains. Thus,  to  avoid  the  unfavorable  country  between  the  Sacramento 
Valley  and  the  Salt  Lake  region,  a  distance  of  about  550  miles,  the 
triangulation  has  been  expanded  to  a  great  size  and  is  supported  by  a 
long  base  in  the  former  section.  This  is  an  instance  where  the  Sui;vey 
inaugurated  a  scheme  of  triangulation  on  a  scale  larger  than  had 
ever  been  attempted  elsewhere,  and  consequently  there  was  no  expe- 
rieuce  to  guide  or  suggest  the  attainable  accuracy  in  the  triangulation 
and  length  and  frequency  of  bases.  Similar  conditions  constrained  the 
location  of  a  base  in  the  Los  Angeles  plains,  and  other  like  examples 
might  be  given.  In  a  region  where  base-line  sites  can  be  more  readily 
obtained  the  nunil>er  of  bases  will  depend  mainly  on  the  degree  of 
accuracy  desired  for  the  triangulation  and  to  a  less  extent  uiK)n  their 
length. 

(10)  Accuracy  of  a  trlaiignlutwn. — From  an  economical  standpoint 
we  may  confine  our  inquiry  to  answering  the  question.  What  may  be 
considered  sufficient  accuracy  in  the  measures  of  the  separate  opera- 
tions and  in  the  results  of  a  triangulation  as  a  whole! 

A  base  line  can  readily  be  measured  with  a  probable  error  of 
1/250  000  part  of  its  length,  and  by  application  of  superior  apparatus, 
of  several  measures,  and  greater  care — hence,  at  an  increased  cost — ^the 


*Cf.  Die  Geodiitisclien  Ilauptpnnktey  etc.,  Von  ii.  Zacharine.  TraDHlation  by  Dr. 
E.  Lamp,  Berlin,  1878,  Art.  37.  Also  Jordan's  Ilandburh  der  Vermessungsknnde,  Vol. 
III.    Third  edition,  Stuttgardt,  1890. 
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probable  uncertainty  may  be  reduced  to  1/500  000  or  less.    Although 
this  last  fraction  maybe  taken  as  a  practical  limit   worth  aiming  at^ 
extreme  values  of  Jiccuracy  are  recorded  as  havinjr  been  reached,  such 
as  probable  errors  of  measure  of  1/1 000  000  or  of  a  still  smaller  fra<5tion. 
Now,  to  maintain  an  accuracy  of,  say,  1/150  000  or  even  1  /lOO  000  part  of 
the  length,  on  the  average,  in  an  extendeil  triangulation,  is  a  matter  of 
difficult3%  as  is  manifested  whenever  we  compare  the  length  of  a  junc- 
tion line  derived  from  two  independent  chains  Q^  triangles.     The  excess 
of  accuracy  of  a  base  is  lost  partly  in  the  basfe^^^^^;  '^^^*  i^  hirther 
rapidly  dissipated  in  the  adjacent  triangles;  henceiii;^^'"^^!^^^"^^^^  ^^• 
straining  at  an  extravagant  degree  of  accuracy  in  the  nKjy^^^'  f  ^  %  ^^ 
becomes  evident.*    What  is  really  important  is  a  kno*l?.  ^^ 
true  length  of  the  measuring  apparatus  in  terms  of  the  nim^^    ^ngtn 
(on  this  survey,  the  international  metre). 

Resi)ecting  primary  triangulation  employing  superior  theodolnj^  ^ 
to  50  centimetres  diameter)  the  probable  error  of  a  ainffle  medsur^Q^  * 
direction — i.  e.,  the  mean  of  two  pointings  on  the  heliotrope,  t^lescoj 
direct  and  reversed,  with  readings  of  three  microscopes  on  two  gradii? 
ation  marks  each — ^lias  been  found  to  be  A-  0*64"  (with  variations  between 
0-45"  and  0*90"),  derivexl  from  22  stations  in  California  and  Nevada. 
At  these  same  st.ntions  the  average  number  of  series  or  measures  of  a 
direction  was  03  and  the  resulting^ro/>n7>Ze  error  of  a  dire^.tion  as  shown 
by  the  station  adjustments  is  AzO'OS''  (with  variations  between  0'0<5"  and 

0-10").     Hence,  merrn  error  of  an  observed  angle(  -  j 0"-08  -v/2  =  A-  0"'l7, 

and  we  may  expe(^t  the  triangles  to  close  within  0*17  \/3  or  ±0"'29  on 
the  average:  but  we  iind  the  mean  closing  error  (T.'J  cases),  as  demanded 
by  the  triangles  composing  the  ligure,  to  be  ±  0"'(>1,  which  show\s  the 
presence  of  other  adverse  influences  than  those  arising  from  the  grad- 
uation and  pointing  eiTors.  The  most  i)otent  of  these  is  the  lateral 
refraction,  <^omi)osed  of  a  constant  and  a  variable  part.  Large  local 
deflections  of  the  vertical  at  a  station  also  have  their  influence.  Taking 
our  flgures  as  ty])iral,we  <u)nclude  that  a  less  number  of  series  would 
suffice,  provided  the  same  variety  of  weather  is  experienced,  without 
detriment  to  the  work.+  Suppose  the  number  reduced  to  31  (a  i)rime 
number), the  resulting  prohat^le  error  of  a  direc^tion  would  rise  to  ±  ()"'12, 
the  mean  error  of  an  angle  to  0"'25,  and  the  expectation  for  closing  of 
triangles  would  rise  to  4  0"'13.  This  would  probably  leave  the  large 
scale  work  of  the  Survey  still  in  the  front  rank  for  ticcuracv. 


*See  AppeiKlix  Xo.  !),  United  States  Coast  ami  Geodetic  Siirv<*y  Keport  for  1885. 

t Respecting  the  time  devoted  to  the  observationH,  General  Walker,  of  the  (Jreat 
Trigonometrii-al  Survey  of  India,  remarks  (A'ol.  II,  p.  70):  "Any  ut'gle<t  of  these 
precautions,  any  hurrying  over  the  prescribed  tale  of  observations  with  the  utmost 
possible  rapidity,  even  at  the  time  when  tlie  signals  are  apparently  very  stejidy  and 
favorable,  is  liable  to  introduce  larger  errors  than  those  which  are  partly  attributable 
to  any  defect  in  the  instrumentH  of  this  survey.'*  It  is  also  remarked  that  it  is  con- 
sidered a  great  misfortune  to  use  instruments  of  inferior  order. 
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The  meau  error  of  an  angle  as  derived  from  adjusted  triangulation 
is  frequently  used  as  a  convenieut  measure  of  the  relative  accuracy  of 
different  triangulations.    For  the  above  case  we  have 

•61 
w  =    ,    =  4^  0"-35 

Taking  as  a  second  type  of  triangulation  part  of  the  transcontinental 
triangulation  east  of  the  Kocky  Mountains,  with  sides  averaging  25 
kilometres  (about  15^  miles)  in  length  west  of  the  Mississippi  and  29 
kilometres  (about  18  miles)  east  of  it,  we  can  form  the  following  table: 

// 

Central  Kansas  200  km.  (abuut  124  miles),  from  43  triangles,  m  =  -^  0*76 

St  Louis  to  eastern  Kansas  595    '*         ** 

St  Louis  to  Indiana  177    "         '* 

Indiana  235    "         " 

Western  Ohio  to  Chesapeake  Bay  864   '*         *' 

The  following  table  is  added  for  comparison  with  foreign  triangula- 
tions. 

In  work  of  this  character  instrument  circles  of  25  to  35<^™  (diameter) 
are  suitable.  The  number  of  positions  should  not  exceed  17,  and  the 
number  of  series  may  be  about  one-half  to  two-thirds  the  number  recom- 
mended for  primary  work,  according  to  its  importance.  Special  atten- 
tion should  be  paid  to  the  centering  of  the  instrument  and  of  the  helio- 
tropes and  to  phases  of  signals. 
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Any  triangu]atiou  in  which  m  does  not  exceed  1 "  may  generally  be 
classed  as  being  of  a  high  order  of  accuracy,  and,  according  to  circum- 
stances, double  that  amount  may  still  be  taken  as  of  sufficient  accuracy 
for  the  purpose  for  which  the  triangulation  was  made.  In  linear  meas- 
ure an  accuracy  of  1/50  000  or  1/75  000  part  of  the  length  is  ordinarily 
considered  a  satisfactory  one,*  and  1/30  000  may  be  sufficient  in  many 
cases.  If  by  reason  of  great  distance  from  the  base  the  accuracy  in  a 
triangulation  should  have  been  reduced  below  the  standard  originally 
set,  the  introduction  of  a  new  base  at  the  weakest  i)oint,  or  near  it, 
would  be  the  proper  remedy. 

Tertiary  triangulation  demands  no  high  degree  of  accuracy,  and 
may  vary  from  1/20  000  to  1/6  000  part  of  the  length,  according  to 
requirements. 

When  dealing  with  mean  or  probable  errors  the  following  rough-and- 
ready  rule  to  judge  of  the  admissibility  of  apparently  large  individual 
deviations  from  the  mean  value  may  often  be  found  of  service,  viz : 
With  the  usual  very  limited  number  of  observations,  any  that  may  be 
outside  the  total  ratige  of  5  times  the  mean  error  or  7  times  the  prob- 
able error  should  be  looked  upon  with  susx)icion,  and,  conversely,  the 
mean  and  probable  errors  may  be  guessed  at  to  be  about  one-fifth  and 
one-seventh  of  the  observed  range,  respec*tively. 

(11)  Interstate  and  international  boundaries. — Apart  from  the  astro- 
nomical measures  that  may  be  needed,  the  most  accurate  method  of 
locating  boundary  lines,  and  the  one  that  best  preserves  the  monu- 
ments, is  triangulation,  because  all  the  prominent  natural  features  and 
many  of  the  artificial  ones  may  be  connected  with  the  boundary  marks 
as  objects  of  reference.  When,  in  addition  to  the  triangulation,  the 
topography  is  also  carefully  executed,  the  labor  of  replacing  lost  marks 
in  their  proper  position  is  reduced  to  a  minimum.  This  necessarily 
presumes  that  the  triangulation  points  have  been  well  marked. 

The  expense  of  triangulating  a  boundary  and  the  length  of  time 
required  to  execute  it  has  in  the  past  generally  i)recluded  the  adoption 
of  this  method  in  the  United  States. 

The  purpose  of  this  paper  is  rather  to  treat  of  the  best  practical 
method  of  running  boundary  lines  than  to  make  a  historical  review  of 
boundaries  that  have  been  already  run  and  a  minute  examination  of 
the  details  of  theii*  survey. 

In  all  boundary  work  due  regard  must  be  paid  to  the  legal  definition 
of  the  line,  whether  it  is  to  dex)end  on  astronomical  measures  alone  or 
on  geodetic  measures  when  the  ends  or  termini  are  to  be  connected  by 
a  straight  line  (the  geodetic  or  shortest  line),  and,  in  the  case  of  an  arc 
of  a  parallel,  whether  it  is  to  be  a  mean  parallel  or  an  astronomical 
parallel. 

In  lines  depending  upon  astronomical  observations  the  local  deflection 
of  the  vertical  enters  as  a  disturbing  element.    This  is  due  either  to 


*  One  sixty -three  thousaudths  corresponds  to  1  mch  in  a  mile,  nearly. 
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mountaiu  masses,  proximity  to  the  ocean,  or  irregularity  iu  density  of 
the  matterbeneath  the  sarface  of  the  earth.  It  may  amount  to  a  few 
seconds,  and  in  extreme  cases  to  very  mach  more. 

On  the  survey  of  the  Northern  Boundary  west  of  the  Lake  of  the 
Woods,  on  which  41  latitudes  were  observed  iu  a  distance  of  1374  kil- 
ometres (853*5  miles),  the  average  local  deflection  or  difference  from  the 
mean  parallel  was  2*15'^  The  observing  error  ibr  geographical  X)08i- 
tions  IS  generally  far  within  this  quantity.  At  56  stations  observed  on 
the  obhque  arc  along  the  Atlantic  coast  the  average  difference  between 
the  geodetic  and  astronomical  latitudes  was  2-2^',  which  is  almost 
wholly  due  to  station  deflection. 

The  so-called  regular  boundaries  may  be  divided  into  several  kinds: 
(1)  Boundaries  along  a  meridian;  (2)  boundaries  along  a  parallel;  (3) 
boundaries  along  oblique  lines.  Even  a  circular  boundary  has  been 
traced.  There  are  others  of  an  irregular  nature,  that  follow  natural 
topograpic  features,  such  as  streams,  mountain  summits,  divides,  or 
crest  lines.  These  latter  do  not  come  within  our  scope  for  treatment, 
as  they  dex)end  on  ordinary  trigonometric  and  topographic  methods  of 
surveying. 

Boundaries  along  a  meridian. — These  are  the  simplest  forms  and  pre- 
sent the  least  difficulties  when  the  observer  is  provided  with  the  proi)er 
instrumental  outfit.  It  is  necessary  to  determine  the  true  meridian 
and  trace  it  out,  preferably  by  back  and  lore  sights.  As  often  as  may 
be  found  necessary  check  azimuths  should  be  observed.  The  frequency 
of  these  checks  will  depend  on  the  character  of  the  country.  If  the 
line  is  to  be  carried  over  a  x)lain,  where  the  sights  are  short,  an  astro- 
nomic check  should  be  secured  every  25  to  30  kilometres  (15  or  19  miles), 
but  if  the  country  is  rolling  or  mountainous,  affording  sights  from  5  to 
30  kilometres  (3  to  19  miles)  iu  length,  from  60  to  100  kilometres  (37  to 
62  miles)  may  be  run  before  checking. 

The  party  should  be  provided  with  a  20  to  25<^"'  (8  or  10  inch)  theodolite, 
with  a  diaphragm  arranged  for  observing  time  as  well  as  for  measuring 
angles,  and  a  sidereal  chronometer.  Azimuths  may  be  determined  in 
the  usual  way  by  observing  Polaris  at  any  hour  angle  in  connection 
with  a  terrestrial  mark.  Three  sets  of  observations  on  one  night  will 
generally  give  the  desired  accuracy.  The  meridian  may  be  laid  off  on 
the  horizontal  limb  of  the  theodolite,  a  signal  put  in  line,  and  the  angle 
then  accurately  measured  by  repetitions.  If  there  should  be  an  error 
worth  correcting,  the  signal  maybe  moved  to  its  proper  place,  knowing 
the  distance  and  angular  deviation. 

This  instrument  should  be  used  for  measuring  angles  and  azimuths, 
ranging  out  the  line,  and  interpolating  points  on  intermediate  promi- 
nences. There  should  also  be  a  10  or  15*^*"  (4  or  6  inch)  theodolite,  with  a 
vertical  circle,  having  on  the  diaphragm  parallel  lines  or  threads  for 
reading  telemeters  at  road  and  stream  crossings. 

In  running  a  meridian  boundary  line,  where  long  distances  may  be 
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obtainable,  say  30  to  100  kilometres  (19  to  62  miles)  or  even  more,  it  is 
suggested  that  the  meridiaii  instrument  affords  a  good  means  for  pro- 
jecting the  line  not  only  to  the  distant  stations,  but  to  such  interme- 
diate stations  as  are  visible.  The  position  of  the  instrument,  in  its 
relation  to  the  meridian,  is  to  be  determined  by  the  observation  of  time 
and  azimuth  stars. 

For  the  topographic  work  we  measure  distances  either  by  d,  small 
triangulation  or  telemeter  or  tape  line.  The  error  of  telemeter  lines,  as 
shown  by  the  Northern  Boundary  Survey,  is  given  as  1/300  of  the  length 
for  the  average  of  an  entire  season;  but  on  selected  days,  with  great 
care,  this  may  be  reduced  to  1/  loOO.  General  Gomstock  states  that  on 
ordinary  ground  1/700  may  be  secured.  In  1893,  on  the  Mexican  Bound- 
ary Survey,  in  a  line  of  67'3  kilometres,  1/1 400  was  reached;  in  a  line  of 
73  kilometres  the  discrepancy  was  1/1 900  of  the  true  length. 

For  short  sights,  slender  range  x>oles,  and  for  long  distances — from  5 
to  30  kilometres  (3  to  19  miles)  or  more — pocket  heliotropes  may  be  used. 
To  illustrate  the  accuracy  with  which  a  meridian  may  be  run  it  may  be 
stated  that  in  1883,  while  running  the  boundary  between  West  Virginia 
and  Pennsylvania,  the  meridian  was  checked  by  an  azimuth  after 
ranging  out  18  kilometres  (11  miles)  and  the  line  was  found  to  be  appar- 
ently in  error  2"'5  (21*"").  Beyond  this  point  a  series  of  long  sights 
were  obtained,  and  the  next  check  azimuth  was  observed  after  running 
71  kilometres  (44  miles)  more,  when  the  line  was  found  to  be  apparently 
2"'4  (8<^™)  in  error  and  in  the  other  direction.  Both  of  these  errors 
were  inappreciable  and  no  corrections  were  made,  as  the  theodolite  was 
only  graduated  to  5".  Some  portion  of  the  error  may  have  been  due 
to  local  deflection.  Gf  course  any  error  in  the  line  should  be  dis- 
tributed proportionately. 

Boundaries  along  a  parallel  of  latitude, — These  may  be  run  either  by 
chords  or  by  tangents.  The  latter  method  is  preferable  on  account  of 
its  greater  adaptability  to  topographic  features;  the  former  is  more  sim- 
ple, especially  when  the  adjacent  astronomical  stations  are  intervisible. 

It  is  necessary  to  determine  the  meridian  and  lay  oft'  a  tangent  in 
the  prime  vertical  at  the  x>oint  where  the  azimuth  and  latitude  are 
observed.  Before  attempting  to  run  the  parallel  astronomical  latitude 
stations  should  be  located  approximately  at  distances  15  to  30  kilo- 
metres apart.  Distances  from  the  latitqde  stations  are  to  be  laid  off" 
along  this  tangent  from  which  the  ordinates  to  the  parallel  are  meas- 
ured. 

If  the  topogi'aphic  features  i)ermit,  regular  distances  should  be 
determined  along  the  tangent  and  offsets  made  at  the  proper  angle  from 
the  tangent,  so  that  they  may  be  either  normal  to  the  small  circle  of 
latitude  or  normal  to  the  tangent.  The  Goast  and  Geodetic  Survey 
formulae  for  geographical  positions  will  be  found  very  useful  in  com- 
puting the  azimuths  and  offsets  for  known  distances,  which  distances 
may  be  irregular  if  necessary,  and  generally  they  are  so  in  a  broken 
country. 
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Au  azimuth  may  be  observed  at  the  end  of  the  tangent  to  determine 
any  error  iu  ranging  it  ont,  and  this  and  the  correction  due  to  differ; 
ence  of  local  deflection  at  the  two  stations  are  to  be  distributed  along 
the  offsets. 

If  the  OHtronomical  parallel  should  be  laid  out,  it  would  be  an  irregu- 
lar curve  in  consequeno^  of  local  deflections,  but  it  would  have  the 


I 


Fio.  1. 


advantage  of  being  more  readily  reproduced  than  the  mean  parallel  if 
it  should  become  uecjessary  to  restore  the  boundary  marks.  The  latter 
may  be  traced  out  by  means  of  triangulation.  Figures  1  and  2  illus- 
trate the  method  of  procedure. 


Fxo.  2. — Method  of  U'aciug  a  purallcl  ut'  iHtit.ude,  Hhowiii^  tangents,  oAsotM.    Theoretic  curve  drawn 

tlirou^h  (<ach  aMtronomical  statiou. 

The  tangents  and  offsets  may  be  corrected  for  error  of  ranging  out 
after  checking  them  by  the  regular  azimuth  observed  at  each  astronom- 
ical station. 

BoundarieH  along  an  ohUqur  line. — These  are,  like  the  other  regular 
boundaries,  referred  to  the  meridian.  If  the  latitude  and  longitude  of 
the  termini  are  known,  the  azimuth  or  direction  of  tYi^^vifc  wvw3\>vi,vi««^- 
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putedf  and  then  by  means  of  azimuth  observations  the  angle  can  be 
laid  off  and  the  line  traced  out.  Any  error  in  running  the  line  is  to  be 
distributed  proportionately. 

An  example  of  oblique  boundary  is  that  run  in  1874  by  Professor 
Bowser  between  New  Jersey  and  New  York  with  a  Coast  and  Geodetic 
Survey  20«™  theodolite.  The  Coast  and  Geodetic  Survey  located  the 
termini — one  by  triangulation,  the  other  by  astronomical  measures. 

For  tracing  out  the  line  and  locating  monuments  at  suitable  intervals, 
80  as  to  be  readily  intervisible  also  at  intersections  of  roads,  streams, 
and  crest  lines,  two  methods  are  available — one  starting  from  the  fixed 
initial  station  with  a  given  azimuth  to  reach  the  opposite  end  and  pro- 
ceeding by  backward  and  forward  sighting,  the  other  by  fiist  connect- 
ing the  end  points  by  a  triangulation  and  the  insertion  of  the  monuments 
in  the  places  computed.  By  the  first  method  the  error  in  the  direction 
of  the  line  when  the  opposite  end  is  reiiched  must  be  evenly  divided 
along  the  entire  line.  In  mountainous  countries  this  method  of  ranging 
can  not  dispense  with  occasional  small  triangulation  in  order  to  get 
around  an  inaccessible  height.  On  the  other  hand,  the  triangulation 
method  and^subsequent  laying  out  of  the  points  in  line,  may  be  more 
laborious  and  demand  more  time,  but  admits  of  the  tracing  out  of  a 
line  not  subject  to  any  material  extent  to  the  local  detiections  of  the 
vertical,  which  necessarily  come  in  at  all  stations  where  a  transit  line 
is  used.  The  preference  for  one  or  the  other  method  thus  dex)ends  on 
circumstances. 

In  countries  difficult  of  access  and  where  land  is  of  little  value,  and 
the  expense  of  tracing  a  boundary  thi'oughout  its  entire  length  is  dis- 
proportionate to  the  advantages  to  be  gained,  important  points  may  be 
located,  and  either  connected  or  not,  according  to  the  public  demands. 
In  Alaska  this  method  is  being  used. 

Instrumental  outfit. — For  the  measurement  of  horizontal  angles  two 
kinds  of  instruments  are  in  use,  the  repeating  instrument  and  the 
direction  instrument.  Theoretically  the  former  should  give  the  better 
results,  but  experience  has  shown  that  with  the  improved  methods  of 
graduation  now  in  use  the  reverse  is  true.  It  may  be  stated  in  general 
that  when  the  graduation  is  good  and  the  optical  conditions  commen- 
surate, the  method  of  directions  should  be  used;  with  poor  graduation, 
repetitions  will  give  the  better  results.  Thus  in  the  large  instruments 
used  in  the  primary  or  large  scale  triangulation  great  refinement  is 
demanded  in  the  graduation  of  the  circle;  and  a  direction  instrument 
should  therefore  be  preferred,  though  a  repeating  instrument  may  be 
allowable  and  ha«  been  found  under  some  circumstances  to  give  equally 
good  results.  In  secondary  and  tertiary  triangulation  the  repeating 
instrument  will  usually  give  satisfactory  results,  with  the  great  advan- 
tage that  it  admits  of  rapid  work  both  in  the  field  and  in  the  office. 
For  the  more  refined  work  of  the  primary  triangulation  the  instrument 
should  have  a  40  to  50*=™  (16  to  20  inch)  circle,  graduated  to  5',  reading 
by  three  micrometer  microscopes  to  1''  each  and  by  estimation  to  0''*1. 
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The  telescope  should  ^ave  an  objective  of  the  best  class,  of  7*5  to 
8*6^°»  (3  to  3J  inches)  diameter,  three  eyepieces  ranging  in  power  from 
40  to  100;  also  two  very  light  vertical  circles  or  finders  for  azimuth 
stars  and  an  ocular  micromet€ft  for  special  or  occasional  use.  The  latter 
may  be  used  for  azimuth  work  a«  well  as  micrometric  angular  measures 
when  the  part  of  the  day  suitable  for  favorable  operations  is  very  short 
and  when  the  atmospheric  conditions  are  adverse.  The  instrument 
should  have  slides  to  provide  for  radial  illumination  of  circle  by  a  right- 
angled  prism.  The  instrument  should- be  mounted  on  a  position  circle 
cemented  to  the  top  of  a  pier  whenever  practicable.  As  the  observa- 
tions for  azimuth  should,  if  possible,  have  the  same  degree  of  precision 
as  those  for  horizontal  directions,  the  telescope  should  have  sufficient 
optical  power  to  observe  stars  of  6-5  magnitude. 

In  order  to  secure  images  of  uniform  size  at  all  distances  it  is  nec- 
essary t-o  vary  the  size  of  the  heliotrope  according  to  the  distance  to 
be  observed.  For  ordinary  atmospheric  conditions  and  for  distances  of 
10  miles  and  over  the  formula  x  =  'O-^Gd  may  be  used  for  this  purpose, 
where  x  is  the  side  of  the  square  mirror  in  inches  and  d  is  the  distance 
to  be  observed  in  miles,  ov  x  =  fAf,  where  x  is  the  result  in  millimetres 
and  Jc  the  distance  in  kilometres. 

The  following  table  contains  the  length  of  side  of  square  mirror  for 
various  distances : 


Distance. 

Side,     i 

1 

Miles. 

1 

Inches. 

lo 

046     , 

20 

092 

30 

'•37 

40 

183     i 

so 

2*3       1 

^       1 

Distance. 

Side. 
Inches. 

Distance. 
1    Miles. 

Side. 

Miles. 

Inches. 

60 

2-8 

120 

5  5 

70 

32 

140 

6-4 

80 

37 

'       160 

7*3 

90 

41 

180 

8-3 

100 

4-6 

200 

9-2 

Eeferring  to  the  theodolite,  the  effect  of  an  outstanding  error  (c)  in 
collimation  on  the  measure  of  a  horizontal  direction  may  in  general  be 
kept  small,  thus:  Sui)posing  c,  =  10"  and  the  angle  of  elevation  of  the 
object  less  than  3°,  this  effect  is  but  0"'01  at  most,  and  it  is  the  same 
for  the  case  of  e  =  1'  and  the  elevation  less  than  1°. 

The  effect  of  an  error  (i)  in  the  horizontality  of  the  revolving  axis  of 
the  telescope  is  in  general  much  larger,  as  it  depends  on  the  tangent  of 
the  angle  i^a)  of  elevation,  thus  for  i  =  10"  and  nr  =  1°  it  amounts  to 
0"'2,  and  with  a  =  2^  it  is  0"*4.  Both  defects  are  eliminated  in  the 
measures  by  the  reversal  of  the  telescope  and  azimuth  circle. 

The  eff'ect  of  an  error  (r)  in  the  verticality  of  the  theodolite  axis  can 
not  be  eliminated  by  any  method  of  observing.  The  amount  for  any 
angle  depends  on  v  and  the  relation  of  the  angle  to  the  i>lane  which 
contains  the  true  and   instrumental    zenith  point.     With  repeating 
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theodolites  we  have  to  deal  with  two  vertical  axes  which  should  coin- 
cide. Close  attention  to  this  last  source  of  error  must  be  given  by 
careful  leveling. 

The  eflfeot  of  the  eccentricity  of  a  circle  is  eliminated  by  the  reading 
of  any  number  of  equidistant  microscopes.  The  examination  of  the 
graduation  of  a  circle  for  periodic  and  irregular  errors  should  be  made 
at  the  office. 

All  heliotroi)es  should  be  centered  over  their  respective  stations  with 
the  same  care  as  the  theodolite;  and  when  poles,  targets,  or  cones  are 
used,  the  data  needed  for  correcting  for  phase  where  required  should 
be  given  (size  and  shape  of  object  and  local  time  or  else  the  azimuth  of 
sun).  If  plain  ])oles  are  used,  their  diameter  should  be  graduated  for 
the  distance;  i.e.,  it  should  be  smaller  the  shorter  the  distance  from 
the  station.  It  should  also  be  stated  whether  the  object  was  seen  by 
reflected  or  diffused  solar  light. 

(14)  Method  of  observation. — In  order  to  seizure  the  best  results  with 
either  form  of  instrument  the  observer  should  make  the  observations 
at  different  times  of  the  day,  say  a.  m.  and  p.  m.,  and  on  different  days 
and  under  varying  conditions  of  atmosphere,  but  rather  exceptionally 
during  day  and  night,  and  he  should  refrain  from  observing  under  any 
manifestly  unsuitable  or  doubtful  conditions.  In  no  case  in  primary 
and  secondary  triangulations  should  the  observations  be  finished  in 
one  day;  but  several  days,  embracing  morning  and  afternoon  observa- 
tions, should  be  devoted  to  them,  in  order  to  avoid  cases  of  lateral 
refraction,  which  have  occasionally  been  experienced  to  the  extent  of 
many  seconds.*  In  mounting  the  instrument  regard  should  be  had  to 
proper  shelter  for  it  as  well  as  for  i>ersonal  comfort  while  observing. 
Pointings  should  be  made  as  rapidly  as  possible  consistent  with  a  clear 
and  decided  bisection  of  the  signal.  In  using  a  direction  instrument 
the  method  usually  adopted  is  to  divide  the  circle  into  a  number  of 
equal  parts,  known  as  positions.  This  number  should  be  prime,t  so 
that  no  microscope  may  fall  upon  the  same  graduation  in  measuring 
upon  the  same  object  in  different  positions  or  after  reversal  of  the 
circle.  Having  established  an  initial  direction,  one  or  more  series  are 
observed  in  each  position,  each  series  consisting  of  a  pointing  and 
reading  upon  each  of  the  signals  in  the  order  of  the  graduation,  and 
then,  after  reversing  the  telescope  and  turning  the  alidade  18()o  in 
azimuth,  of  another  pointing  and  reading  upon  the  signals  in  the 


*  The  observations  for  lateral  refraction  made  by  Dr.  Fr.  Pfaff  with  a  theodolite 
monnted  in  the  tower  of  his  house,  and  extending  throughout  a  whole  year  (Publi- 
kation  dcs  Konig.  Preuss,  Geodatischen  Institutes),  may  here  be  referred  to  as  evi- 
dence of  the  existence  of  this  disturbing  feature  in  the  measure  of  horizontal  direc- 
tions. Yet  for  future  special  observation  two  or  more  fixed  telescopes,  cemented  to 
a  low  stone  pier  and  provided  with  eyepiece  micrometers,  would  prove  more  effective 
and  less  troublesome  than  Dr.  Pfaffs'  arrangement.  The  lateral  variation  of  more 
than  one  direction  at  a  station  could  be  thus  investigated. 

t  iVny  other  number  that  will  accomplish  the  Hame  ]iur])08o  may  be  used. 
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reverse*  order.  Tbe  number  of  positions  to  be  used  depends  upon  the 
accuracy  of  the  graduation  and  upon  the  degree  of  refinement  desired 
in  the  results.  Exi>erience  tends  to  show  that  with  the  best  instru- 
ments now  in  use  on  the  primary  triangulation  the  effect  of  atmos- 
pheric conditions  upon  the  result,  after  a  certain  number  of  positions 
have  been  used,  is  much  greater  than  the  effect  due  to  errors  in  gradua- 
tion. It  is  probable  that  31  series  are  needed  to  secure  the  desired  accu- 
racy, and  about  this  number  should  be  obtained.  It  should  be  left  to 
the  judgment  of  the  observer,  taking  into  account  the  character  of  the 
work  and  of  the  instrument  used,  to  decide  in  how  many  positions  of 
the  instrument  these  observations  shall  be  made. 

In  the  past,  23  positions  have  been  the  maximum  number  used. 
There  is  no  objection  to  decreasing  tliis  number,  or  increasing  it  to  the 
full  number  of  series  desired. 

It  has  also  been  suggested  to  take  a  very  small  number  of  positions 
and  exhaust  the  circle,  and  to  repeat  the  same  number  of  positions,  but 
with  a  different  initial  reading  of  the  graduation  and  subdividing  the 
former  spaces.  A  third  and  fourth  group  of  such  readings  can  be  added 
if  greater  accuracy  should  be  demanded.  The  advantage  claimed  for 
this  procedure  is  the  Ciisy  comparability  of  the  results  of  the  series 
making  up  a  group. 

In  high  mountain  regions  in  certain  cases  it  has  been  found  that 
midday  observations  of  horizontal  directions  are  obtainable  with  the  aid 
of  the  ocular  micrometer.  This  has  only  been  used  in  primary  work 
and  should  be  restricted  to  special  cases. 

When  a  repeating  instrument  is  used  each  set  of  repetitions  should 
consist  of  a  cM^rtain  number  of  measures  of  the  angle  (a),  say  3,  followed 
by  an  equal  number  of  measures  with  telescope  reversed;  then  the 
explementof  the  angle  (3G0— a)  should  be  immediately  measured  in  the 
same  manner.  Two  sets  of  6  repetitions  (3  D+3B)  are  preferable  to  one 
set  of  12  repetitions  (6  D+6  E),  as  something  may  occur  to  interrupt  the 
observations  during  the  longer  time  required  for  the  latter,  thus  vitiat- 
ing the  whole  set.  Enough  sets  should  be  taken  to  obtain  the  desired 
accuracy,  from  2  to  6  probably  being  sufficient  in  most  cases,  according 
to  the  precision  required  by  the  character  of  the  triangulation.  In 
regard  to  the  number  of  angles  to  be  measured  at  a  station,  it  may  be 
stated  in  general  that  there  shoidd  be  a  check  on  every  angle  measured 
besides  that  of  closing  tbe  horizon  in  the  manner  referred  to  above. 
Although  for  the  highest  degree  of  accuracy  all  of  the  sum  angles  might 
be  measured,  this  should  rarely  be  done,  especially  when  the  number  of 
signals  is  large,  as  the  increase  in  the  accuracy  of  the  result  is  not  com- 
mensurate with  the  increased  time  and  labor  spent.  It  is  preferable  to 
measure  only  those  angles  which  actually  occur  in  the  figure  of  the  trian- 
gulation, and  this  consideration  should  have  some- weight  in  selecting 


*  Tills  is  to  correct  for  any  aziniuthul  change  or  twist  during  observations  in  the 
scaffold  or  supporting  structure. 
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those  sum  angles  which  are  to  be  used  as  checks  and  which  will,  as 
nearly  as  may  be,  equalize  the  number  of  pointings. 

Ijost  motion  and  stress  in  a  repeating  tJwodolite. — The  repeating  circles 
in  use  on  the  Survey,  in  common  with  all  theodolites  of  their  date,  are 
lacking  in  rigidity,  and  flexure  is  probably  a  fertile  source  of  error,  the 
effects  of  which,  together  with  the  lost  motion  in  the  numerous  movable 
parts  and  particularly  in  the  clamping  arrangement,  can  only  be  elimi- 
nated by  careful  manipulation  and  the  adoption  of  a  method  of  observ- 
ing which  will  make  them  always  of  the  same  sign. 

In  practice  it  is  found  that  by  making  all  movements  in  one  direction 
the  error  of  closure  obtained  by  measuring  an  angle  and  its  explement 
wiU,  within  the  probable  errors  of  pointing  and  reading,  remain  con- 
stant for  any  particular  condition  of  the  instrument  irrespective  of  the 
size  of  the  angle;  and  since  the  angles  measured  according  to  this 
practice  and  obtained  under  conditions  which  give  closing  errors  of 
wide  range,  when  corrected  by  half  the  closing  error,  show  a  very  close 
accord,  it  seems  probable  that  the  method  largely  eliminates  errors 
from  these  sources. 

For  use  upon  towers,  scaffolds,  and  like  supports  which  are  subject 
to  an  azimuthal  movement,  caused  by  the  diurnal  motion  of  the  sun, 
the  repeating  theodolite  is  especially  adapted,  since  the  short  time 
occupied  in  the  measurement  of  a  single  angle  reduces  the  effect  to  a 
minimum  and  the  method  of  procedure  above  referred  to  eliminates  it. 

When  the  collimation  is  well  adjusted  it  is  not  always  necessary 
to  reverse  the  telescope  in  the  middle  of  a  set  unless  there  is  a  large 
difference,  say  one  exceeding  1°  of  elevation,  between  the  objects 
observed  ui)on.  The  error  of  (^ollimation  should  be  frequently  tested, 
and  corrected  if  perceptible. 

It  is  desirable  to  secure,  in  the  endj  an  equal  number  of  measures 
with  telescope  direct  and  with  telescope  reversed.  Instruments  with 
eccentric  telescopes  must  be  used  in  both  positions  of  the  telescope. 

Respecting  the  manner  of  measuring  and  recording,  whether  with  or 
against  the  graduation  of  the  circle,  the  former  practice  is  supposed 
preferable;  but  in  all  cases  the  object  first  sighted  or  pointed  on  should 
be  recorded  first  in  order.  Thus  in  measuring  the  angle,  AtoB  indi- 
cates motion  diiect  as  understood  by  the  observer,  but  BtoA  indicates 
motion  reversed,  and  the  entry  should  be  made  accordingly.  The 
observer  should  indicate  in  the  preface  of  his  record  book  the  direction 
in  which  his  instrument  is  graduated,  and  also  give  a  diagram  showing 
the  directions  to  the  stations  seen. 

Outside  objects  to  be  determined. — ^Besides  the  regular  triangulation 
marks  visible  at  a  station,  directions  or  angles  should  be  carefully 
measured  whenever  practicable  on  all  objects,  as  light-houses,  beacons, 
buoys,  and  other  aids  to  navigation,  on  all  international,  State,  and 
county  boundary  monuments,  township  and  section  corners  of  the 
United  States  Land  Survey,  State  capitols  and  court-house  domes  or 
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cupolas,  church  steeples  and  all  prominent  buildings,  and  all  outlying 
focka,  shoals,  or  breakers.  A  round  of  angles  should  also  be  taken  on 
all  pi^oininent  peaks  and  other  landmarks,  and  tangents  should  be 
taken  to  all  the  headlands  along  the  coast. 

The  observations  for  the  magnetic  declination  to  be  made  at  each 
station  are  referred  to  in  the  report  of  the  Committee  on  Terrestrial 
Magnetism. 

(15)  Signals  and  scaffolds. — ^The  term  "  signal,''  as  used  in  the  Coast 
and  Geodetic  Survey  in  connection  with  triangulation,  includes  Jill 
devices,  appliances,  and  instruments  employed  as  objects  to  designate 
to  the  observer  the  position  of  a  station  mark  to  be  i)ointed  upon  by 
him,  and  includes  all  structures  intended  to  elevate  such  objects  or  the 
instruments  employed  in  observing. 

Although  the  term  ^'  signal,"  as  here  used,  properly  relates  only  to 
structures  or  devices  especially  constructed,  observers  have  at  one 
time  or  another  used  almost  every  class  of  object  of  sullicient  i)romi- 
uence  to  be  identified  from  distant  x)oints,  such  as  mountain  peaks, 
hilltops,  headlands,  rocks,  trees,  cairns  or  pyramids  constructed  of 
various  materials,  poles  or  staffs,  flags,  lozenges,  targets  of  various 
forms,  cones  of  tin,  globes  of  glass,  etc.,  heliotroi)es,  revolving  or  fixed, 
bonfires,  rockets,  blue  lights,  lamps  of  various  forms,  lamps  in  com- 
bination with  reflectors,  magnesium  and  electric  lights;  and  for  sup- 
porting their  instruments,  mounds  of  earth,  trunks  of  trees  in  original 
I)osition,  chimneys  and  lighthouses,  church  towers,  etc.,  tripods  and 
scafiblds,  towers  of  stone,  adobe,  etc. 

Sometimes  high  structures  are  needed  in  order  to  maintain  the  gen- 
eral proportions  of  the  triangulation  or  for  the  purpose  of  overcoming 
an  obstruction  in  the  line  of  sight,  but  ordinarily  the  supports  are  of 
moderate  height,  only  as  a  means  of  carrying  the  line  of  sight  above 
the  highly  disturbed  stratum  of  air  near  the  surface  of  the  ground. 
Where  the  difference  in  expense  is  not  too  considerable,  lines  in  a 
wooded  country  should  be  carried  above  the  tops  of  the  forests  rather 
than  through  long,  opened  lanes. 

The  question  of  the  desirability  of  portable  or  permanent  structures, 
being  very  largely  governed  by  the  comi)arative  cost  of  material  and 
transportation,  is  in  general  not  difficult  to  solve. 

At  all  high  stru(*tures  the  instrument  rests  on  a  central  trii)od  of 
strong  and  well-braced  timbers  and  is  entirely  separated  from  the  sur- 
rounding light  scaffold  which  supports  the  observer  and  serves,  when 
boarded  in  or  wrapped  with  canvas,  as  a  protection  to  the  instrument 
against  wind  or  sun. 

The  very  detailed  article  ui)on  "Construction  of  observing  tripods 
and  scaffolds,"*  as  published  by  the  Survey,  makes  it  unnecessary  to  go 
into  the  subject  here. 


» 


Appendix  No.  10,  United  States  Cooat  and  Geodetic  Report  for  1S82. 
S.  Ex.  19,  pt.  2 19 


290  U.  S.  COAST  AND  GEODETIC  SURVEY. 

The  visibility  of  objects  sighted  clei>eu(l8  upon  the  brightness  of  the 
light,  as  heliotropes  or  artificial  lights,  or  it  depends  upon  contrast  of 
the  target,  illuminated  by  ordinary  daylight,  with  the  background  upon 
which  it  i)r()jects.  The  size  of  the  reflecting  surface  in  the  use  of  helio- 
tropes should  be  graduated  to  the  distance  from  the  station,  for  which 
see  the  scale  proposed  in  another  part  of  this  i)aper. 

In  the  case  of  targets  or  lozenges  of  various  materials  the  relation 
of  surface  to  distance  will  generally  have  to  be  determined  by  experi- 
ment. In  the  Coast  ami  Oeodetic  Survey  maniwl  on  triaugulation  the 
angular  limit  desirable  for  a  signal  has  been  stated  as  l^'j  but  as  it  is 
not  practicable  to  maintain  this  limit  at  long  distances,  it  will  in  prac- 
tice be  found  necessary  to  increase  the  width  sutliciently  to  preserve 
the  area  in  some  measure.  In  the  case  of  lozenge- shaped  targets 
the  reflecting  surface  may  be  increased  to  any  desired  extent  by  multi- 
plying their  number.  Lozenge-sliai)ed  targets  of  muslin  have  been 
found  very  satisfactory.  The  <liagonals  should  be  twice  the  linear  value 
of  l"-5  for  the  distances.  For  lines  of  about  65  kilometres  (40  miles) 
three  or  four  lozenges,  both  black  and  white,  symmetrically  disi)osed 
along  the  pole,  have  proved  satisfactory  in  all  kinds  of  seeing  and  for 
different  positions  of  the  sun.  Signals,  such  as  rounded  poles,  which 
present  to  the  observer  two  or  more  planes  of  varying  relative  dis- 
tinctness are  objectionable  because  they  require  i)hase  correction,  and 
should  not  be  employed  on  work  demanding  a  high  degree  of  accuracy. 

It  may  be  well  to  call  attention  to  the  economy  of  the  use  of  the  helio- 
trope in  consequence  of  its  greater  capax'ity  for  penetration  of  smoky 
or  hazy  atmosphere  than  could  be  had  by  a  signal  illuminated  only  by 
ordinary  daylight.  The  heliotrope  lights  freciuently  enable  the  obser- 
vations to  be  carrijcd  on  when  other  signals  would  fail,  and  consequently 
they  afford  an  opportunity  to  utilize  the  varying  conditions  of  the 
atmosphere  to  a  greater  extent  than  is  generally  the  case.  This  remark 
applies  to  relatively  short  lines;  for  long  (mes  the  heliotroj)e  becomes 
indispensable. 

The  fact  that  all  those  who  have  made  extensive  experiments  with 
night  signals  have  reported  favorably  upon  them  should  lead  to  their 
use  whenever  it  is  deemed  advantageous.  On  lines  of  50  kilometres 
and  less  they  furnish  beautiful  steady  objects  for  a  greater  number  of 
hours,  i)articularly  l)erore  midnight,  than  day  signals.  Colonel  Perrier, 
after  his  careful  discussion  of  tiie  results  from  night  an<l  day  observa- 
tions presented  to  the  International  Conference  (Report  of  1801),  states 
as  his  conclusion — 

That  the  results  of  night  ohservations  satisfy  better  the  gooinetrical  conditions  to 
which  all  triangulations  are  subject,  or,  in  other  wonls,  that  the  errors,  whether  due 
to  observation  or  to  lateral  refraction,  which  latter  has  never  yet  been  well  deter- 
mined, compensate  each  other  better  in  night  observations  than  in  those  made  in 
davtinie. 

In  this  connection  attention  is  called  to  the  extremely  interesting 
experiments  made.by  the  Survey  at  I*ioche,  in  Nevada,  in  1883,  and  at 
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Mount  Nebo,  Utah,  iu  1887,  to  test  the  avaihibility  of  the  moon's  liglit 
for  night  signals. 

The  selenotrope,  as  the  instrument  used  has  been  called,  differs  from 
the  heliotrope  only  in  the  greater  si/e  of  the  mirror  used,  and  is  oper- 
ated iu  exactly  the  same  way. 

At  Pioche,  in  1883,  a  mirror  12«7*^°»  square  (o  by  5  inches)  wjis  used 
on  a  line  35  kilometers  (22  miles)  in  length,  giving  very  satisfactory 
results  with  the  moon. 

In  1887,  while  occupying  Mount  Nebo,  in  Utah,  witli  the  view  of 
testing  the  efficiency  of  the  selenotrope  upon  much  longer  lines,  mirrors 
15  X  20''"  (0  by  8  inches),  20  x  25'-»"  (8  by  10  inches),  and  30  x  4(5^'"  (12 
by  18  inches)  were  sent  to  Draper,  Onaqui,  and  Ogden,  respectively — 
77, 113,  and  150  kilometers  (48,  70,  and  97  miles)  distant — and  the  helio- 
tropers  were  instructe<l  to  show  two  hours  each  night  from  June  21)  to 
July  4,  commencing  forty- five  minutes  after  sunset,  or  as  soon  as  the 
shadow  on  the  vanes  became  distinct.  The  weather  was  untavorable 
except  on  the  2d  and  3d  otMuly,  when  Draper  and  Onaqui  were  ])lainly 
visible  in  the  illuminated  field  of  the  telescope,  *' distinct,  steady,  mere 
dots  of  white  light  and  of  ideal  perfection  for  i)recise  pointing."  Ogden, 
15()  kilometers  (07  miles)  distant,  for  some  reason  was  not  seen. 

(16)  Marking  of  stations, — The  main  objects  in  marking  a  station  are 
to  secure  its  permanency  and  to  render  it  easy  of  recovery.  If  the 
station  is  located  on  a  ledge  or  rock  not  likely  to  be  disturbed,  a  copper 
bolt  with  a  cross  on  its  top  to  mark  the  center,  secured  in  a  drill  hole 
several  inches  deep,  or  two  or  three  short  bolts  placed  one  over  the 
other,  so  as  to  be  more  difficult  of  extriiction,  form  a  suitable  station 
mark.  Two  (u-  three  arrows  i)ointing  to  the  center  mark  may  also  be 
cut  in  the  rock.  Where  excavation  is  possible,  there  should  be  one 
mark  at  the  surface  and  another  buried  3  feet  below  the  surface.  For 
l)riniary  stations  a  stone  embedded  in  cement,  with  a  copper  bolt  for 
center  mark,  forms  the  best  subsurface  mark.  If  an  observing  pier  or 
terminal  of  a  base  line  is  used,  it  should  be  built  of  stone,  brick,  or  con- 
crete, with  a  cross  mark  in  the  top  and  also  one  at  the  surface,  and 
another  below  the  ground,  Uy  indicate  the  center  of  the  station,  and  two 
openings  should  be  left  in  the  i)ier  at  the  base,  at  right  angles  to  each 
other,  to  give  access  to  the  surface  mark. 

In  secondary  and  tertiary  work  a  bottle,  crock,  or  flowerpot  filled 
with  ashes  may  be  used  for  a  subsurface  mark,  with  a  stone  and  cross 
at  the  surface.  Special  conditions  of  soil  re<iuire  marks  suited  to  their 
parti(!ular  needs.  In  all  cases  there  should  be  suitable  witness  or 
reference  marks  in  addition  to  the  central  one,  preferably  grooves  or 
drill  holes  (tilled  with  sulphur)  in  adjacent  rocks,  to  which  the  dista<nces 
and  bearings  should  be  carefully  noted. 

Experience  has  shown  that  stations  are  frequently  lost  by  reason  of 
the  thoughtless  meddling  of  ignorant  and  irresponsible  persons,  as  well 
as  by  some  whose  cupidity  had  been  excited  by  the  material  used  in 


292  U.  S.  COAST  AND  GEODETIC  SURVEY. 

marking  them,  as,  for  instance,  lead  and  copper  in  a  conntry  inhabited 
by  Indians. 

liencc^  a  frood  general  rnle  is  that  stations  should  be  marked  by 
objects  having  little  or  no  value.  And  it  is  important  that  the  atten- 
tion of  the  passer  by  should  not  be  attracted  to  the  location  of  the  sta- 
tion by  reason  of  the  i)roniinence  of  the  surface,  reference,  and  witness 
marks.  The  aim  should  be  to  mark  the  spot  in  such  a  manner  that 
there  will  be  no  difhculty  for  one  who  has  its  description  to  And  it; 
but  a  casual  observer  should  not  have  his  attention  attracted  to  it. 

The  de8crii)tionof  a  station  should  include  a  topographi<'al  sketch  of 
the  ground  and  its  approaches,  a  sketch  showing  the  rehitive  positions 
of  the  station  mark  and  various  points  of  reference,  the  best  route  by 
which  to  reach  it  from  the  nearest  town,  and  any  in  formation -which 
might  prove  of  vahie  to  a  party  subsequently  occui)ying  the  station, 
either  in  finding  the  station  or  in  locating  a  camp  or  obtaining  sup- 
plies. It  is  desirable  that  the  name  of  the  trigonometric  station  be  a 
short  one. 

(17)  Incidental  observatiotis. — In  reply  to  the  question,  •*  What  other 
observations  than  those  of  angular  measures  should  be  made  by  a  trian- 
gulation  party  f"  it  may  be  remarked  that  this  includes  the  measure  of 
vertical  angles,  unless  there  be  good  reason  why  they  should  be  omitted. 
In  primary  work  it  is  understood  that  su(»h  observations  for  latitude 
and  azimuth  should  be  made  as  pertain  to  the  general  needs  of  a  trian- 
gulation  for  astronomic  data.  Ko  si)ecial  rules  can  be  given,  though 
frequently  every  other  station  has  been  an  astronomic  station.  Jt  may 
often  happen  that  a  detached  piece  of  triangulatiou  is  to  be  done;  heie 
astronomic  observations,  at  least  at  one  station,  are  demanded. 

Observations  for  the  approximate  determination  of  the  magnetic 
declination  should  be  made  at  every  station.  For  particulars  see 
Kepoiii  of  Committee  on  Magnetics.  In  general  no  othcT  meteorological 
observations  than  those  required  for  the  description  of  the  weather  in 
the  daily  report  or  what  are  directly  demanded  by  the  work  in  hand 
need  be  made.  Complete  meteorological  observations  are  essential  in 
8i)ecial  exi>erimental  work  respecting  laws  of  diurnal  variation  of 
refraction  or  for  comparative  value  of  measures  of  heights  by  barometer 
and  other  means.  These  cases  are  always  covered  by  instructions. 
Regular  barometric  observations  at  stations  of  great  elevation  are 
recommended,  but  are  not  obligatory  unless  si)ecitied  in  instructions. 
In  all  cases  of  doubt  on  the  part  of  the  observer  he  is  advised  to  ask  for 
special  instructions. 

(18)  Explanatory  note  to  accompany  map  shoicing  state  of  the  triangxi' 
lation  in  the  United  States  iii  Janunry,  180  f. — The  object  of  the  map 
(illustration  No.  11)  is  to  give  at  a  glance  the  present  extent  of  the 
triangulatiou  and  to  make  some  suggestions  for  its  future  prosecution. 

The  map  shows  the  work  done  by  the  Coast  and  (leodetic  Survey, 
and  also  areas  which  have  been  either  reconnoitered  or  which  are  in  a 
state  of  incompleteness. 
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The  triangulations  made  by  the  United  States  Lake  Survey  and  the 
United  States  Mississippi  and  Missouri  Biver  Oomniissions  are  also 
shown. 

Other  shaded  areas  are  intended  to  show  either  proi>osed  triangula- 
tions or  to  serve  as  suggestions  for  future  consideration.  They  are  not 
intended  to  mark  out  exact  positions,  since  they  can  only  serve  to  illus- 
trate the  general  idea  concerning  the  manner  in  which  the  required 
data  for  any  contemplated  surveys  of  States  or  their  boundaries  may 
readily  be  supplied.  According  to  this  view,  all  such  surveys  would 
depend  on  the  standard  geodetic  latitude,  longitude,  and  azimuth  of 
the  whole  country,  and  they  would  use  the  same  spheroid  of  develop- 
ment, thus  securing  uniformity  and  consistency;  and  in  general  no 
further  astronomical  observations  or  the  measure  of  new  base  lines 
would  be  required  except  for  special  verification. 

>  Chas.  a.  Schott,  Chairma/n. 

R.  L.  Faris,  Secretary. 


REPORT  OF  COMMITTEE  D  ON  ASTRONOMY. 

TIME  AND  LONGITUDE. 

The  subject  of  astronomy,  as  applied  in  the  Coast  and  Geodetic  Sur- 
vey, may  suitably  be  treated  under  the  four  heads  adopted  in  the 
Manual  Appendix  No.  14,  United  States  Coast  and  Geodetic  Survey 
llei)ort  for  1880,  which  gives  very  fully  the  methods  employed  up  to 
that  (latt^  and  leaves  but  little  to  be  added  to  bring  it  up  to  the  present. 
Jn  a  cursory  review  of  these  subjects  it  is  almost  impossible  to  sepa- 
rate them  entirely,  as  in  some  respects  kindred  operations  run  through 
all  of  them. 

Time  is  used  for  latitude,  azimuth,  magnetic,  gravity  and  longitude 
determinations,  whether  the  latter  falls  under  the  head  of  ( L)  astronomic 
pheViomena,  such  as  eclipses,  occultations,  etcj.,  (2)  flashing  signals,  (3) 
chronometric,  or  (4)  telegraphic. 

The  precision  of  the  time  required  will  indicate  the  character  of  the 
instrument  to  be  used,  such  as  the  sextant,  vertical  circle,  or  transit  in 
its  various  forms. 

The  number  of  time  and  circumpolar  stars  in  the  American  Ephem- 
eris  is  not  sufficient  for  field  astronomy,  and  it  is  necessary  to  resort  to 
the  Berlin  Jahrbuch  and  other  star  catalogues  to  i)revent  otherwise 
unavoidable  delavs. 

It  is  suggested  that  the  four  princi])al  nations  publishing  nautical 
almanacs  combine  in  the  expense  of  preparing  and  issuing  a  special 
star  list  of  greater  extent  than  we  now  have,  so  that  the  number  of 
time  stars  may  be  increased  to  an  average  of  one  for  each  two  minutes 
of  time,  and  also  that  the  American   Ephemeris  should  extend  the 
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"Additional  Star  Places"  so  as  to  cover  the  period  now  falling  iu  day- 
light; also  that  more  azimuth  stars  should  be  added,  and  whenever 
practicfible  grouped  by  differences  of  nearly  twelve  hours.  The  star 
places  should  be  given  in  order  of  right  ascension.  This  would  also  be 
useful  for  determining  value  of  micrometer. 

Time  and  longitude  are  so  intimately  associated  that  the  considera- 
tion of  the  latter  necessarily  involves  the  former. 

Beyond  the  reach  of  the  telegraph  is  the  vast  region  of  Alaska,  which 
nuist  have  its  longitudes-  determined  where  water  transportation  is 
available  by  chronometric  expeditions,  and  far  inland,  beyond  the  nav- 
igable streams,  by  the  observation  of  celestial  phenomena.  Works  on 
astronomy  give  these  methods  in  sufficient  detail  for  i)ractical  use. 
Suffice  it  to  say  that  the  transportation  of  chronometers,  when  carefully 
conducted,  gives  satisfactory  results  within  the  limits  expet*ted.  A 
thorough  test  of  these  chronometers  should  be  made  before  using  them. 
This  could  be  done  advantageously  by  using  the  new  pendulum  appa- 
ratus, employing  an  invariable  pendulum,  whose  period  i^s  known,  as  a 
standard. 

A  few  examples,  showing  the  probable  errors  of  results,  are  given: 


Year. 

Stations. 

Trips. 

Number 
of    chro- 
jiometers. 

Days  in  a 
vciyajic. 

Probable  1 
errors. 

i 

t 

1 
s. 

1855 

Liverpool 
Cainbridjjc 

6 

5^ 

12 

019 

'      1856 

Savannah 
Fernanclina 

8 

10 

I 

•07 

1S92 

Silka 

12 

s 

6 

•10 

Tacoma 

The  cable  determination  between  Greenwich  and  Cambridge  differed 
fi  oin  the  chronometric  result,  in  which  1,0155  chronometers  were  used, 
by  about  0-20«. 

It  is  suggesied  that  the  longitude  of  the  different  Aleutian  islands 
may  be  determined  by  flashing  signals  from  one  to  the  other  and  clieck- 
ing  the  end  of  a  subdivision  by  chronometric  expeditions.  Most  of 
these  islands  are  sufficiently  close  to  ea<*h  other  for  the  use  of  this 
method.  As  an  example  of  flashing  signals,  the  probable  error  of  the 
longitude  determination  between  Tetica,  Sp'ain,  and  M'Sabiha,  Algiers, 
is  given  as  -t  '013". 

The  most  important  method  of  niodern  tinu\s  for  determining  longi- 
tude, and  the  one  most  widely  use<l,  is  the  comparison  of  the  local  times 
of  different  points  by  means  of  the  electric  telegraph.  This  method  of 
longitude  determination  has  been  so  systematized  and  perfected  in  the 
last  fifteen  years  that  but  little  remains  to  be  desired,  and  the  sliglit 
modifications  made  from  time  to  time  during  that  ])eriod  have  been 
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chiefly  in  the  direction  of  equipments.  A  further  iulvan<»,e  may  be 
])ractical)le  when  the  variable  quantity,  known  as  personal  equation, 
can  be  eliminated  by  the  photographic  record  of  stai'  transits,  which  is 
yet  in  its  experimental  stage. 

The  telegraphic  method  of  determining  longitudes  was  devised  and 
introduced  by  the  Coast  Survey.  In  1878  the  mode  of  operation  was 
much  simplified;  and  in  the  same  year  was  applied  the  present  brief 
method  of  field  computation,  which  enables  an  observer  to  complete  the 
duplicate  record,  involving  the  sheet  reading  and  time  computation, 
in  three  or  four  hours.  These  field  computations  are  of  great  assist- 
ance in  the  final  office  reduction. 

These  recent  longitudes  were  determined  by  observations  cm  from 
six  to  ten  nights,  the  observers  interchanging  stations  after  half  the 
number  of  niglits  were  obtained,  to  eliminate  personal  equation.  The 
local  times  were  determined  by  observing  the  same  stars  whenever 
practicable  at  both  stations  each  night,  to  eliminate  errors  of  star  place. 
Twenty  stars  were  used  each  night.  They  were  divided  into  two  time 
sets  of  ten  stars  each,  containing  two  azimuth  and  eight  time  stars, 
with  reversal  of  the  transit  axis  at  the  middle  of  each  time  set.  Arbi- 
trary signals  were  exchanged  in  both  direx'tions,  to  compare  the  chro- 
nometers, as  near  as  practicable,  midway  between  the  two  time  sots, 
using  the  telegraph  circuit  for  that  purpose  for  about  three  minutes. 
The  transmission  and  armature  times  were  thus  eliminated.  The 
results  compare  favorably  with  the  European  longitudes,  where  obser- 
vations wore  sometimes  made  on  from  sixteen  to  twenty  nights,  using 
three  similar  grou]>8  of  stars  and  two  exchanges  of  signals  eiich  night. 
All  of  the  foreign  determinations  were  not  so  elaborate,  however. 
Many  of  recent  date  were  determined  Just  as  ours  are. 

Twenty-nine  European  lines  (see  table),  the  best  that  were  available, 
determined  between  1881  and  1889,  in  which  the  observers  and  some- 
tinu»s  the  instruments  also  were  exchanged,  show  an  average  probable 
error  of  10*000*.  Fifty-three  lines  (see  tables)  deternu'ned  in  the 
United  States  between  1880  and  1802  give  a  probable  error  of  =L'000". 
When  the  best  class  of  work  is  comi)ared  in  both  Europe  and  the 
United  States  the  error  of  closing  circuits  is  about  the  same  (see  table). 
It  rarely  exceeds  0-10*.  and  in  the  majority  of  cases  is  lower.  There 
are  a  few  cases  of  abnormally  large  errors  of  closing  in  both  countries 
that  have  not  been  fully  explained.  As  a  curious  instance  of  a  constant 
dift'erence  of  results  may  be  mentioned  the  double  determination  of 
the  diiierence  of  longitude  between  (Greenwich  and  Paris  in  1888  by 
two  sets  of  observers,  making  really  four  determinations  of  six  nights 
each,  which  show  a  dift'erence  of  0-21".  The  work  was  repeated  in  1892, 
with  a  dift'erence  of  0*18%  or  practically  the  same,  but  no  explanation 
has  been  given  by  the  observers.  From  the  comi)anson  above  made  it 
is  clear  that  our  work  possesses  the  requisite  accuracy. 
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Differences  of  longitude  in  Europe. 


Stations. 

Number  of 
nights. 

Difference  of 
longitude. 

Probable 
error. 

Date 

Paris-Milan 

u 

0 
27 

/ 
24954 

s. 
±007 

1 881 

Paris-Nice 

.0 
6 

19 

51  225 

•007 

ti 

Paris-Leyden 

0  mil 
hese. 

8 

35-213 

•016 

1884 

Berlin-Swincmunde 

3 

28-969 

•Oil 

1883 

Kiel-Swinemunde 

16 

28203 

•013 

<< 

Konigsl)€rg-Swineniunde 

24 

55>66 

•010 

1884 

Konigsberg-Varsovie 

II 

2 

08-300 

-on 

ii 

Berlin-Varsovie 

-3  E 

30 

32477 

•007 

ii 

Berlin-Breslau 

-g.s 

14 

33007 

•007 

1885 

Konigsl)crg-Breslau 

13 

50-278 

•008 

ti 

Konigsberg-Rugard 

0  J= 

28 

11-819 

•009 

t  ( 

Kiel-Rugard 

.«4 

1>   c 

13 

11-592 

•009 

1886 

Kiel-Berlin 

Su- 
es  0 

12 

59-241 

-010 

t  \ 

Rauenberg-Bcrlin 

« 

0 

06393 

-005 

t  \ 

Konigsberg-Memcl 

1 

2 

24-228 

-008 

1887 

Konigsbcrg-Goldaperberg 

7 

1 1 -147 

•006 

it 

Berlin-Schneekoppe 

8  and  7 

9 

23084 

-007 

1 888 

Breslau-Schneekoppe 

7  and  8 

5 

10-803 

•010 

4 1 

Breslau-Trockenljerg 

5  and  4 

7 

21-694 

'     008 

1S89 

Breslau-Schonsce 

4  and  5 

7 

26-812 

■on 

i4 

Trockenberg-Scbonsce 

4  and  5 

0 

05-190 

•008 

•  i 

Konigsberg-Scbonsee 

6 

23-441 

•012 

<  \ 

Brcslau- Rosenthal 

0 

00039 

•007 

ti 

Schonsee-.Springberg 

9 

07583 

-010 

1890 

Berlin-Springberg 

12 

53-'»3 

•016 

it 

Stockholm-Goteborg 

24 

2273 

-016 

IS85 

Lund-Goteborg 

4 

5372 

-007 

1886 

Stockholm-Hermosand 

0 

2445 

•007 

1888 

Haparanda-llermosand 

24 

• 

45-51 

•010 

1889 
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Dijferencet  e/  longitude  in  the  United  Slatti. 

IMuy  of  these  ir«  taken  (ram  llie  Geld  results,] 


I  Nun 


'    Differer 


Cape  May-Wash ingl on,  D.  C. 
Str.isbuig-WnshiBglQr,  D.  C. 
Cincinnoli -Washington,  U,  C. 
Cinciiiiult-Nashville 
SL  Louis- Nashville 
V  i  nceiines-Nflshvi  1  !e 
Vincenncs-St.  Louis 
Little  Rock-J^ulvcsion 
Little  Rock-Kansas  City 
ColoiaUo  Siirinys-Kansas  City 
Colomao  Springs-Santa  ¥i 
Colorotlo  Springs-t'Umiison 
Colurado  Springs-Cliand  Junclion 
Colorado  Spiinip-Sall  l.ake  City 
Ugdcn-Sall  I-ake  Cily 
San  FraiiciB&i-Sttlt  Ijike  City 
San  Franc  I  sco-  Wash  i  nglon ,  I  Jllayet 
San  Francisco- I'ortlanJ 
WBlla^TallB-  Porllantl 
Wallawalla-Sslt  l.ake  City 
W-illawolk-Pott  Towiisend 
"Wallawalla-Sfalllc 

kleiia-S|.ok-.iie  Falls 
San  Francisco- .Mount  Hamilton 

San  Francisco-Point  Arena 
fiacramento-t'Dint  Arena 
Sac  rameulo-Marvsville 
Sacromenlo-ljas  Angeles 


SanFra 


..-U> 


,ni;el 


Needles- Los  A 
Sacraipcnlo- V  e  rd  i 
Carson  Cily- Verdi 
Carson  t.'ity- Virginia  City 
Carson  City-Genoa 
Carson  City-Austin 
KureliB-Austin 
EuTcka-^alt  l^ke  City 
Washington -Alioooa 
Salt  Ijike- Helena 
Bismarck-)l<lenu 
Bismarck-Minneapolis 
Albany-Cape  May 
Alboiiy-Detroit 
Chicago- I'etroil 
Ch  icigo-M  inneapot  is 
Omaha-Minneapolis 
Kan  Diego-Los  Angelca 
San  Diego- Yuma 
Ix>s  Angeles- Vuma 

NugaleS'  Fl  I'aso 
Helena-Yellowstone  Lake 


A.    m. 

, 

sands 

0    oS 

.39073 

3  "1^3 

S 

14087 

4  and  5 

29 

29  161 

9 

26646 

»3 

41183 

3  and  4 

S7-8S 

4a-l3 

43^3* 

S  anii  5 

04160 

sand  4 

9 

15-644 

sand* 

40 

SS-347 

5  and  5 

30113 

4  and  4 

S 

IS '340 

4  and  4 

S8-9o8 

S  and  5 

iS 

18 '470 

Sands 

24546 

5  «"''  S 

41 

07-690 

S  anil  S 

04-426 

S  »nd  5 

00-006 

!and^ 

"7 

19-517 

sand  5 

»5 

4S-.87 

5  and  5 

40-108 

4  and  5 

'5 

57-018 

4  and  4 

34-437 

6  and  5 

3 

09-041 

4  and  4 
sands 

3 
S 

44-479 
04-239 

sands 

8 

48-6*) 

5  and  5 

12 -801 

4  and  4 

56-S03 

sands 

.6 

41-152 

sands 

14 

36-769 

4  and  4 

6 

02-874 

4  nn.l  4 

52-558 

4  and  4 

28180 

4  and  4 

185.2 

''and^ 

45-169 

*7-3»7 

4  and  4 

16 

■5-337 

3  »»''  3 

5 

20-675 

S  fln<l  5 

33'583 

M    n-;?l  ! 

■007 

1891 

■007 

18    17638 

22    17-414 

10    49-269  ' 
4    22-802  I 

:s 

.892 

lO     09  127    ; 

-007 

14     31986    ■ 

-006 

14     43698    1 

-007 

-008 

6    33-835   1 

-009 
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Double  determinations  and  closing  of  circuits  in  Europe. 


Stations. 

Differenie  of 

Closing 

Stations 

Closing 

longitude. 

error. 

error. 

1 

f/i.          f. 

S. 

1 

s. 

Paris-  Algiers 

2     50374 

•494 

•126 

K  iel-IJerlin-Swinemunde 

•007 

• 

■368 

K  iel-  Berlin-Rugard 

•o6q 

Paris- Nice 

27     24964 
•957 

•007 

One  circuit  of  four  lines 

•042 

Other  closing  errors  are : 

Rome-Cienoa 

14     14*842 

•085 

1 5  042 

•200 

•058     1 
•020 

Rome- Padua 

2      27119 

•004 

•131 

•012 

•034 
•072 

Bcrlin-Breslau 

14      33887 

-no 

1 

•936 

•049 

■140 
•002 

Pulkowa-Varsovie 

37     1 1  30 

•001 

• 

•57 

•27 

1 
1 

Double  deter  mi  nations  and  closing  of  circuits  in  the  Cnited  States  siuee  !SSI. 
(Some  of  thesoaro  taken  from  tho  field  comput.'ition.-i.] 


Stations. 


('losing 
error. 


Nashfllle-Vincennes-St.  I.ouis 

Ormha- Kansas  City-St.  Louis 

Salt  I^ke  City-San  Francisco- Portland-Wallawalla 

Circuit  of  five  lines 

*♦   three  '* 

"   three  ** 

*'   three  ** 

"   three  ** 

"   three  ** 

**   six       '* 


a 


<< 


(< 


three  " 

Double  determination  of  Little  Rock,  Ark., from  San 
Francisco  via  Salt  Lake  City,  Colorado  SprinL;s. 
Kansas  City,  and  from  San  Francisco  via  Los  An- 
geles, Vuma,  Nogales,  Kl  Paso,  differs 


s. 
•0S5 
•005 
•oiS 
•04.1 
•091 
•004 

•033 

•034 
•057 

•068 

•020 


•04^ 


*  The  ofrice  computation  may  increase  this  considerably.     About  20  lines  are  involved  in 
tliis  1  olygon;  more  are  to  be  introduced. 

There  is  110  reasonable  doubt  that  the  expense  of  operating  the  lonsfi- 
tnde  i)arties  with  the  present  outfit  has  been  reduced  to  a  inininium. 
The  parties  ♦j^en era lly  consist  of  two  observers  only,  and  <leternnne  hitl- 
tnde  and  the  magnKic  elements  in  addition  to  longitude  withcmt  any 
extension  of  time  at  a  station.  It  is  also  proposed  to  do  gravity  work; 
but  this  may  either  recpiire  a  third  observer  or  a  longer  detc^ntion  of 
the  parties  at  a  station.     Only  su(;h  stations  as  are  free  from  the  jars 
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of  locomotives,  street  railways,  and  passing  vehicles  would  be  suitable 
for  this  work. 

While  the  weight  of  the  longitude  outfit  may  be  lessened  by  tiie  use 
of  smaller  combination  instruments  for  both  longitude  and  latitude 
and  by  procuring  lighter  chronographs,  the  outfits  on  hand  are  too 
valuable  to  be  discarded. 

A  revised  edition  of  the  manual  should  contain  an  example  of  the 
more  recent  longitude  work,  including  a  time  set,  computed  by  both  the 
field  and  the  least  square  methods. 

Of  the  main  scheme  of  longitude  work  laid  out  some  years  ago  to 
embrace  the  United  States  there  remains  unfinished  one  long  or  two 
short  seasons'  work  in  the  Southwest.  It  is  also  highly  desirjible  to 
connect  Montreal,  Canada,  with  Cambridge,  Mass.,  and  Albany,  N.  Y., 
in  order  to  utilize  the  last  transatlantic  cable  determination,  and  to 
connect  Cambridge,  Ma«8.,  with  the  new  Naval  Observatory,  Wash- 
ington, D.  C. 

If  the  old  and  new  Naval  Observatories  have  not  been  satisfactorily 
connected,  that  should  be  done  before  the  old  station  is  destroyed. 

It  would  very  materially  aid  cartography  if  the  geographical  positions 
of  the  State  capitals,  important  cities,  (county  seats,  and  most  of  the 
larger  towns  along  railroads  were  determined.  Towns  near  national 
and  State  boundaries  would  be  especially  useful.  This  work  might 
precede  the  triangulation  many  years. 

Any  surveys  conducted  by  the  States  or  by  other  authorities  would 
derive  great  benefit  from  these  established  ixnnts. 

In  order  to  give  an  additional  test  to  the  a<icuracy  of  the  longitude 
determinations  it  is  recommended  that  one  or  more  lines  already  deter- 
mined by  one  set  of  observers  be  redetermined  by  other  observers. 
The  c<mstant  ditt'crence  between  Greenwich  and  Pans,  as  shown  in  the 
determination  by  ditt'erent  observers,  illustrates  the  desirability  of 
making  this  test. 

ASTKONOMICAI.  DIFFKRKNCES  OF  LONGITirDE  FROM  LATITUDES  AND 
RECIPROCAL  AZnU'TIIS;  ALSO  DIFFERENCES  OF  LONGITUDES  FROM 
AZIMUTHS  AND   RECIPROCAL   ZENITH   DISTANCES. 

•In  cases  where  the  telegraphic  method  or  the  method  by  flash  light  is 
inapplicable  for  any  reasons  whatever,  it  is  suggested  that  ditt'erences 
of  longitude  may  be  determined  between  intervisible  points  by  recip- 
rocal azimuths  or  by  reciprocal  zenith  distances. 

Under  the  most  favorable  conditions  the  method  by  azimuths  is  sus- 
ceptible of  a  degree  of  accuracy  equal  to  that  of  the  telegraphic  method. 
It  is  independent  of  geodetic  elements  of  the  earth. 

The  method  of  reciprocal  zenith  distances  aiibnls  only  approximate 
results,  as  it  rests  upon  the  assumed  dimensions  of  the  earth  and  l*equires 
a  tolerably  accurate  knowledge  of  the  coefiicient  of  refraction. 


300 


U.  8.  COAST   AND   GEODETIC   SURVEY. 


INSTRirMENTS  USED  FOR  LONGITUDE  WORK  ON  THE  CONTINKNT  OF 

EUROPE. 

These  instruments,  with  but  two  exceptions,  so  far  as  examined,  are 
of  the  broken  telescope  type  and  resemble  each  other  in  general  design. 
The  size  of  the  objective  ranges  from  63"'"'  to  77"""  and  the  focal  dis- 
tances from  700"'"'  to  870""",  and  the  power  of  the  eyepieces  used  aver- 
ages 80.  Two  are  as  high  as  00  and  one  as  low  as  GO.  So  far  as  noted, 
a  reticule  of  13  threads  has  been  used.  It  will  be  seen  that  at  all  points 
these  figures  are  less  than  those  describing  the  longitude  instruments 
of  the  Survey. 

The  following  table  gives  in  compa(!t  form  all  the  information  avail- 
able regarding  these  instruments: 

TYanaiU. 


i 

> 

,;> 

Where  used. 

Maker. 

1      ;  Object 

?       i 

^  0 
mm. 

0 

1 

Austria 

Starke  &  Kammerer 

66 

•> 

• 

90 

♦* 

Pistor  &  Martins 

68 

870  '    ? 

(( 

G.  Starke 

66 

710     80 

it 

Troughton  &  Simms 

63 

738 

80; 

«* 

Kepsold 

68 

835 

80, 

1 

Munich 

Van  Ertel 

77 

812 

60   : 

Milan 
Padua 

Kepsold 
Van  Ertel 

70 
66 

800 
700 

• 

40 

Paris 

Strassburg 
Spain  and  Algiers 

Kigaud 

Pistor  &  Martins 

Hrunner 

63 
68 

6i 

788 
870 

775 

62 

90 

> 

* 

Telescope. 


Broken 


t< 


Straight 


x. 
ti 

JS 

H 


«3 

'3 

13 
13 


Remarks. 


Has  reveising 
apparatus. 

Reversing  and 
hanging  level. 


I 


t( 


Broken 
■> 

• 

Broken 

(« 

Straight 


Reversing  appa- 
ratus. 
13      Reversing   gear 
and    hanging 
level. 


a 


t( 


Vertical    circle, 
4i5"«u.. 


The  new  longitude  transits  of  the  Coast  and  (leodetic  Survey  have 
a  ibcal  length  of  95®"'  (37J  inches),  a  power  of  about  100  with  the 
present  eyepiece,  and  a  glass  diaphragm  with  three  tallies  of  3,  o,  and 
3  lines  ejich.  The  frame  is  so  arranged  that  the  azimuth  and  Icve^ 
adjustments  are  made  at  the  base. 

LATITUDE. 


METn()I>8  OF   OB.«*EnVATION  AND   INSTRrMKNTS. 

Under  the  head  of  latitude  the  inferior  grades  may  be  passed  over 
with  a  few  remarks.  These  are  used  for  magnetics,  reconnaissance,  and 
exph)rations,  and  may  be  determined  with  a  sextant  or  some  form  of 
vertical  circle. 
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The  better  ^acles  of  latitude  are  now  observed  in  the  United  States 
with  the  zenith  telescope  in  some  of  its  forms  and  by  Talcott's  method. 

There  are  three  classes  of  these  instruments  with  telescopes,  as 
follows: 

1st.     66<='"  (26-inch)  telescope  with  57"*»"  (2i-inch)  objective;  power  about    30-60 
2d.     yQ'"™  (31     '*  )       "  "    S7^"^  (2i     "  )        •*  '*        "       60-90 

3d.    114*^™  (45     "  )       "  '*    Sg""'"  (3I     *'  )        ••  **        "      loo 

The  main  point  to  be  considered  is  the  acjcuracy  desirable,  and  hence 
the  number  of  pairs  of  stars  to  be  used  and  the  size  and  form  of  instru- 
ments. With  good  instruments,  fnrnished  with  improved  levels  and 
micrometer  screws,  such  as  ar©  now  made,  and  cataloj^ues  with  well- 
determined  star  places,  the  number  of  pairs  of  stars  may  be  greatly 
reduced.  On  account  of  inferior  star  ])laces,  it  was  formerly  the  custom 
to  observe  thirty  or  forty  pairs  on  six  or  seven  nights.  That  number 
has  been  gradually  reduced  to  fifteen  or  twenty  iiairs  on  from  three  to 
five  nights,  and  maybe  further  reduced  and  still  give  results  sufficiently 
accurate  for  geodetic  purposes. 

An  examhnition  of  the  local  deflections  of  the  vertical  at  latitude 
stations  shows  that  the  determination  of  astronomic  latitudes  with  an 
accuracy  of  about  a  (juarter  of  a  second  is  quite  sufficient  for  most 
schemes  of  triangulation,  being  within  the  limits  of  ordinary  deflections. 

A  greater  precision  is  necessary  in  determining  arcs  and  locating 
State  and  national  boundaries,  while  for  the  purpose  of  investigating 
the  variations  of  latitude  the  greatest  degree  of  precision  that  may  be 
obtained  by  the  employment  of  the  most  refined  instrument  and  methods 
is  required. 

The  bearing  of  these  last  observations  upon  geodetic  surveying  is 
of  the  utmost  importance,  as  it  will  enable  us  to  determine  corrections 
by  which  latitudes  observed  at  various  times  may  be  reduced  to  the 
normal  latitude. 

With  the  instruments  now  in  use  the  probable  error  of  one  observa- 
tion for  latitude  is  about  one-third  of  a  second.  The  probable  error  of 
the  mean  declination  of  a  pair  of  stars,  as  furnished  by  the  Coa^st  and 
Geodetic  Survey  Office,  is  about  one-(iuarter  of  a  second.  Ten  or  twelve 
pairs  of  stars  observed  on  three  or  four  nights  should  give  a  latitude 
with  a  probable  error  of  about  one  tenth  of  a  second. 

To  further  illustrate  the  idea  that  the  number  of  observations  may 
be  reduced,  a  series  of  latitude  observations  wa«  examined  and  the 
means  were  taken  out  for  twenty  pairs,  observed  on  six,  four,  and  two 
nights,  respectively;  then  of  fifteen  pairs,  ten  pairs,  and  ^ve  pairs, 
observed  for  the  same  time.  The  sets  chosen  were  by  different  observ- 
ers, and  both  meridian  instruments  and  zenith  telescopes  were  used. 
Twenty  pairs  on  six  nights  were  taken  as  the  standard,  and  the  differ- 
ence from  this  standard  of  fewer  pairs  on  different  nights  is  shown. 


302 


U.  8.  COAST  AND  GEODETIC  SURVEY. 


The  st^ir  lists  were  prepared  in  the  usual  way,  so  that  the  difrerences 
of  the  zenith  distance  were  balanced. 


1st  set.* 

ad  set.* 

3<1  set.* 

4th  sei.t 

5th  s^'t.* 

Mean. 

ff 

// 

// 

ff 

ff 

ff 

20. 

pair^, 

6 

nights 

o-oo 

O-OO 

O-OO      1 

000 

000 

000 

20 

4 

•16 

•01 

•04  ' 

•05 

•14 

•08 

20 

2 

•14 

•II 

•07 

•20      ! 

•18 

•14 

15 

6 

00 

"1 

•01     ! 

•00 

•05 

•01 

•01 

15 

4 

•17 

•03    : 

•01 

•05    ; 

•12 

•08 

»5 

2 

•14 

•06 

•16      ; 

•0(> 

•16 

•12 

10 

6 

■<>3 

•14 

•01 

u 

•02 

•07 

10 

4 

. 

•13 

•09     1 

•03   ' 

•22 

•14 

•12 

10 

mm 

•10 

•16 

•21 

•15 

•13 

•15 

5 

6 

•29 

•07 

•II 

•12 

•21 

•16 

5 

4 

i  4 

•17 

•03  1 

•05 

-12 

•47 

•17 

5 

2 

•18 

•01    ' 

•10 

1 

•'3     ■ 

•53 

19 

*Z.  T.  No.  I,  w-,'^  <46-inch)  focal  len>;th,  Sj'"  (si-inch)  a|»crturc. 
tMetitliaa  \x\-x.  No.  16,  yy™  (31-inchj  focallenpfth,  63''"  (zj-inch)  aperture. 

The  vertical  circle  has  been  used,  and  is  still  being  used,  with  satis- 
faction for  latitude  observations  on  some  of  tlie  European  surveys. 
Under  equal  conditions  it  is  not  believed  that  it  pos.sesses  any  advan- 
tage over  thi»  zenith  telescope.  A  series  of  tests  of  the  various  methods 
and  instruments  was  made  under  Professor  Dache  in  1847,  and  the 
zenith  telescope  (using  the  TalcM)tt  method)  was  declared  to  be  so  far 
superior  to  the  others  for  our  work  that  it  was  adopted  and  has  been 
used  ever  since.  It  is  growing  in  favor  with  the  Europeans.  They 
ofllere<l  a  strong  testimonial  to  its  merits  by  using  it  for  the  ]>recise 
observations  necessary  in  determining  the  variations  of  latitude. 
Colonel  Clarke,  in  his  Geodesy,  says  of  this  instrument,  *'As  made  by 
Wurdemann,  it  is  an  instrument  of  extreme  ])recision  and  most  pleasant 
to  observe  with."  And  again:  "The  simplicity  of  constructi(m  of  the 
zenith  telescope  exempts  it  from  several  of  the  recognized  sofirces  of 
instrumental  errors,  while  its  portability  and  ease  of  manipulaticm 
eminently  fit  it  for  geodetic  purposes.  It  is  exclusively  a<lopte(l  for 
latitudes  in  the* United  States,  and  it  is  probable  that  no  one  who  has 
used  it  would  return  to  graduated  circles  for  latitude.-- 

An  enlarged  catalogue  of  latitude  stars  is  greatly  ne'eded;  one  that 
includes  stars  from  the  i>ole  to  lO'^  or  Vl^  south  of  the  eciuator,  and 
down  to  the  sev^enth  magnitude.  In  the  elevated  legions  of  the  United 
States  there  is  but  little  trouble  in  observing  these  small  stars. 

As  to  the  question  of  increasing  the  number  of  astronomical  stations, 
especially  those  for  latitude  and  azimuth  determinations  in  the  schemes 
of  triangulation  already  ])lanned,  some  remarks  have  been  made  in  the 
re]:)orts  of  the  committees  on  Arcs  and  on  Triangulation.  It  may  be 
stated  in  general  terms  that  but  few  more  of  these  stations  are  needed 
in  the  transcontinental  scheme  and  inthetriangulations  on  the  Atlantic 
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and  Pacific,  coasts  beyond  those  already  contemplated  in  the  uncom- 
pleted portions  of  the  work. 

For  the  purpose  of  studying  the  local  deflections  of  the  vertical,  how- 
ever, it  is  desirable  to  have  as  many  latitudes  and  azimuths  as  can 
reasonably  be  observed  without  increasing  the  expense,  and  so  dis- 
tributed with  regard  to  the  orographic  and  geological  features  that  any 
point  of  suspected  disturbance  may  be  examined.  The  local  deflections 
along  the  Atlantic  average  2"'2,  but  they  are  somewhat  greater  on  the 
Pacific  Slope. 

When  a  scheme  of  triangulation  starts  on  one  of  the  princij)al  lines 
of  the  regular  network  designed  to  cover  the  entire  United  States 
and  terminates  on  another  of  these  lines,  no  intermediate  astronomical 
stations  will  be  re<|uired. 

When  a  scheme  of  triangulation  is  entirely  independent  of  all  other 
schemes  both  initial  and  terminal  astronomic  stations  will  be  required. 

In  both  of  these  cases  the  remarks  on  the  subject  of  local  deflections 
are  applicable. 

When  no  triangulation  at  all  is  contemplated  the  work  falls  under 
the  head  of  geographical  iK)sitions,  which  has  been  already  considered. 

The  vertical  circle  used  abroad  in  latitude  work  is  also  of  the  broken 
telescope  variety.  This  form  of  instrument  has  been  recommended  for 
the  ease  and  comfort  to  the  observer,  as  his  eye  remains  in  the  same 
position;  also  for  its  stability,  owing  to  the  low  Y"  and  large  base.  It 
seems  to  have  given  no  better  results  than  instruments  used  in  the 
Coast  and  (leodetic  Survey. 

The  tendency  toward  adopting  some  form  of  zenith  telescope  on  the 
Continent  is  presumptive  evideiu*e  that  it  iK)Ssesses  advantages  over 
all  forms  of  vertical  circles. 

The  latitude  instrument  used  by  Dr.  Marcuse  in  the  irawaiian  Islands 
was  a  zenith  telescope  of  nearly  the  same  objective,  focal  length,  and 
lK>wer  as  those  used  in  the  Coast  and  Geodetic  Survey  for  a  similar  pur- 
l)ose,  but  it  is  more  massive  in  its  parts  and  heavier  to  transport.  The 
base  is  very  heavy,  the  telescope  is  broken,  but  the  prism  is  very  near 
the  focus. 

There  are  two  latitude  levels  of  the  best  make.  The  horizontal  axis  is 
20' ">  and  the  vertical  axis  is  34^'"  in  length.  The  focal  length  of  the 
telescope  is  87*^^"*  and  the  diameter  of  the  objective  is  0*8* 

Vertical  cireJvH. 
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AZIMUTH. 

Azimuths  are  of  difterent  grades,  accordiug  to  the  objects  for  which 
they  may  be  required,  such  as  magnetics,  recoiiiiais^iice,  and  explora- 
tions, in  wliich  a  4  or  (>  inch  altazimuth  may  be  used;  for  running 
meridian  lines  or  other  lines  depending  thereon;  for  tertiary  triaii- 
gnlation,  in  which  8  or  10  inch  instruments  maybe  used;  for  second- 
ary and  primary  triangulation,  in  which  the  bestchiss  of  instruments, 
from  30^'"  to  51**'"  (12  to  20  inches),  are  recpiired,  and  an  accuracy  com- 
patible with  the  scheme  of  triangulation  must  be  reached.  TJie  azi- 
muth should  be  measured  with  the  same  precision  as  the  horizontal 
angles  in  the  scheme,  which  in  the  case  of  primary  trianguhition  will 
in  general  be  jvccomplished  by  observing  azimuth  in  as  many  positions 
and  series,  or  by  as  many  sets  of  repetitions,  according  to  the  type  of 
instruments  employed,  as  are  used  in  the  horizontal  angle  work  of  the 
triangulation. 

Under  the  assumption  of  careful  and  proper  manipulation  a  primary 
azimuth  may  be  determined  with  the  more  refined  type  of  modem 
instruments  in  about  four  or  live  days'  observations,  with  a  probable 
error  not  exceeding  about  nl-.0"'ir). 

The  azimuth  is  reduced  to  the  normal  meridian. 

Accompanying  this  report  is  a  map  (illustration  Xo.  12)  showing 
the  distribution  of  the  principal  astronomical  stations  occupie<l  by  the 
United  States  Coast  and  Geodetic  Survey  for  the  determination  of 
latitude,  longitude,  and  azimuth  to  January,  1894. 

C.  n.  Sinclair,  Chairman. 
G.  11.  Putnam,  Secretary. 


REPORT  OF  COMMITTEE  E,  ON  HYPSOMETRY. 

A  knowledge  of  relative  elevations  on  the  earth's  surface  is  a  funda- 
mental necessity  in  the  investigation  of  many  physical  questions  and 
in  engineering  operations  of  various  kinds.  In  the  United  States 
Coast  and  Geodetic  Survey  work  of  this  nature  has  been  done  to  meet 
the  needs  of  the  topographer,  the  triangulator,  the  physical  hydrog- 
rapher,  and  for  the  use  of  the  engineers  engaged  on  the  improvement 
of  our  rivers. 

So  long  as  the  operations  were  contined  to  the  immediate  vicinity  of 
the  seacoast,  where  connection  could  be  made  with  tidal  stations  by 
means  of  short  lines,  the  requisite  degree  of  jiccuracy  could  be  attained 
by  methods  of  moderate  precision;  but  when  it  became  necessary  to 
extend  them  considerable  distances  inland  the  demand  for  greater 
refinement  became  apparent,  and  there  resulted  what  have  been  called 
the  "standaid  levels  of  the  Survey.''  These  have  been  undertaken 
primarily  to  reduce  the  geodetic  opcTations  to  sea  level  and  to  aid, 
by  comi)aring  tidal  planes  along  the  coast  of  the  United  States,  in 


^'^*.,v 


REPORT   FOR   1893 — PART  II.  305 

the  solution  of  important  physical  questions  in  regard  to  the  ocean;  to 
form  the  basis  of  and  to  bring  into  accord  all  topographical  surveys  of 
the  country,  whether  under  State  or  Federal  patronage;  to  furnish 
data  required  in  connection  with  gravity  observations,  and  incidentally 
to  supply  planes  of  reference  for  engineering  operations  of  all  kinds. 

As  it  is  evident  that  these  operations  must  ultimately  be  extended 
to  all  parts  of  the  country,  it  becomes  necessary  to  consider  the  require- 
ments to  be  met  and  the  degree  of  accuracy  demanded.  The  objects 
most  apparent  and  the  degree  of  accuracy  desirable  in  each  may  be 
stated  as  follows: 

For  topography :  Within  1  metre.  (See  Annual  Eeport  Superintend- 
ent United  States  Coast  and  Creodetic  Survey,  1891,  Part  II,  p.  G34, 
par.  17.) 

For  physical  hydrograpliy :  With  the  utmost  degree  of  accuracy. 

For  base-line  reduction:  Within  0*5  metre. 

For  gravity  operations:  Within  six-tenths  of  a  metre  (0*0"»). 

For  tidal  i)lanes:  With  the  utmost  degree  of  accuracy. 

For  meteorological  investigations :  To  the  nearest  foot.* 

For  the  study  of  strata  and  the  flow  of  underground  water  in  the 
arid  regions  an  accurate  system  of  levels  is  denmnded. 

For  engineering  operations:  With  great  accuracy. 

As  the  bench  marks  determined  by  the  standard  levels  of  the  Survey 
nnist  be  used  as  base  i)oiuts  for  all  of  these  objects,  it  is  evident  that  a 
very  high  degree  of  accuracy  is  demanded,  a  degree  as  high  as  there  is 
any  hoi>eof  our  attaining  by  the  most  precise  instruments  and  methods 
at  our  command. 

Two  types  of  instruments  are  in  use,  the  wye  level  of  civil  engineers 
and  the  geodetic  or  level  of  precision.  They  dift'er  in  construction,  but 
more  particularly  in  the  methods  employed  in  their  use. 

In'generalit  may  be  stated  that  in  wye  levels  the  adjustments  are 
made  and  supposed  to  remain  constant  during  a  day  or  a  portion  of  a 
day,  and  the  accuracy  of  the  results  depends  upon  the  correctness  of 
this  assumption,  the  records  containing  no  clue  to  changes,  altliough  in 
the  best  work  the  elimination  of  errors  from  adjustment  is  sought  by 
making  the  F.  S.  and  B.  S.  always  equal. 

The  "geodetic  level"  of  the  Survey  is  a  specially  devised  instrument. 
The  errors  in  the  various  adjustments  of  the  instrument  are  by  the 
method  used  recorded  at  each  station,  and  are  eliminated  by  making 
the  F.  S.  and  B.  S.  equal  by  reversals  of  telescope  and  of  the  striding 
level,  readings  in  each  position  by  means  of  a  micrometer  screw  being 
made  and  a  mean  taken,  which  is  true  in  spite  of  any  want  of  adjust- 
ment. 

Other  methods  have  been  used  in  lines  of  jirecise  levels  elsewhere, 
and  will  be  referred  to  under  another  head. 


''  stated  by  Professor  Harrington,  Chief  of  United   ^^tat<^s  WeatluT  liiireau,  in 
letter  dated  February  17,  1894. 

S.  Kx.  19,  pt.  2 ^ 
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About  9  750  kllometros  (0  100  milea)  of  precise  levels  having  already 
been  run  by  diifereut  corps  in  tlie  United  States  to  meet  the  demands 
of  special  investigations  and  in  the  regular  work  of  the  Coast  and 
Geodetic  Survey,  the  desirability  of  a  consistent  scheme  of  lines  to  con- 
trol the  whole  country  to  which  all  future  work  may  be  made  to  lend 
itself  has  become  api)arent.  In  presenting  such  a  scheme  the  consid- 
erations governing  its  selection  may  be  briefly  stated  as  follows: 

To  i)rovide  a  means,  the  most  dire(;t  and  economical,  for  connecting 
the  many  tidal  stations  on  our  Atlantic,  Gnlf,  and  Piicific  seaboards. 

To  connect  these  several  tidal  planes  by  routes  which  will  best  over- 
come the  uncertainties  arising  from  crossing  mountain  chains,  etc. 

To  form  closed  figures  that  will  best  determine  the  degree  of  accuracy 
of  the  work. 

To  make  the  lines  of  levels  conform  as  nearly  as  possible  to  existing 
or  proposed  schemes  of  triangnlation  and  especially  of  arc  measures. 

To  take  advantage  of  all  work  of  a  like  nature  heretofore  executed, 
and  to  distribute  judiciously  over  the  country  bench  marks  which  may 
serve  as  i)oints  of  departure  for  hypsometric  work  of  all  kinds. 

The  great  tui vantages  offered  by  graded  ground  for  operations  of  this 
class,  together  with  considerations  of  economy  and  facility  of  transpor- 
tation, practically  confine  them  to  railway  lines  where  they  can  be  fol- 
lowed. Fortunately  in  most  parts  of  the  United  States  they  are  so 
numerous  as  to  offer  every  fivcility. 

On  the  accompanying  sketch  map  (illustration  No.  13),  which  is 
practically  the  same  as  presented  to  the  Conference  at  its  first  meeting, 
the  details  of  a  general  scheme  are  displayed  which,  it  is  believed,  in 
a  great  measure  fulfill  the  requirements  mentioned. 

It  consists  primarily  of  three  east  and  west  lines  connecting  on  the 
Atlantic  and  Pacific  seaboards  with  lines  conforming  to  the  general 
direction  of  those  coasts  and  (Tossed  between  the  ninetieth  and  ninety- 
eighth  meridians  by  north  and  south  lines  of  closed  figures. 

The  four  great  figures  thus  formed  are  to  be  further  subdivided  into 
lesser  ones  as  opportunity  ofiers  or  special  demands  permit. 

These  lines  should  follow  the  most  direct  railway  routes  along  the 
Atlantic  seaboard  from  Maine  to  St.  Augustine,  Fla.,  across  the  penin- 
sula of  Florida  to  the  Gulf  of  Mexico,  which  they  skirt  to  Corpus 
Ohristi,  thence  to  Laredo,  Tex.,  and  by  the  Southern  Pacific  route  to 
the  Pacific  Slope,  and  northward,  by  the  lines  of  railway  conforming 
most  nearly  to  the  coast,  to  Seattle,  whence  they  return  by  the  Great 
Northern  and  the  most  direct  routes  to  St.  Paul,  Chicago,  Toledo,  Buf- 
falo, Oswego,  and  the  Atlantic  coast. 

The  central  east  and  west  line  has  been  com])leted  to  Kansas  City 
and  the  route  from  there  to  San  Francisco  definitely  determined  upon. 

Lines  have  been  run  on  the  Atlantic  coast  from  Sandv  Hook  to  Fort 
Monroe,  and  the  ninetieth  meridian  was  selected  for  the  north  and 
south  line  of  closed  figures  because  the  greater  i)ortion  of  the  work 
has  already  been  done  or  is  in  course  of  completion. 
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The  distinction  has  been  made  between  precise  levels  and  levels  as 
run  by  civil  engineers  for  construction  i)urposes.  In  the  latter  no 
attempt  is  generally  made  to  secure  a  greater  degree  of  aecuracy  than 
is  required  by  the  work  in  hand. 

Precise  levels,  on  the  other  hand,  are  intended  to  furnish,  as  nearly  as 
physical  conditions  and  the  means  at  our  disposal  will  admit,  the  true 
differences  in  elevations  between  points  widely  separated. 

Work  of  this  class  has  been  done  by  almost  all  European  nations, 
and  to  a  lesser  extent  by  three  organizations  under  the  United  States 
Government.  No  pains  have  been  spared  that  seemed  necessary  to 
give  permanent  value  to  the  results  either  for  the  objects  immediately 
in  view  or  which  might  arise  in  the  future. 

While  a  high  degree  of  accuracy  has  been  attained,  it  nowhere  equals 
that  aimed  at  or  hoped  for,  and  the  work  may  be  said  to  be  still  in  a 
measure  experimental. 

The  following  papers  upon  "Leveling  in  foreign  countries,"  '* Precise 
levels  in  the  United  States,'-  and  "Recent  work  with  the  engineer's 
precise  wye  level,"  which  were  prepared  by  different  members  of  this 
committee,  present  the  subject  as  fully  as  the  tiiiie  at  our  disposal  would 
admit. 

LE\rELING  IN  FOREIGN   COUNTRIES. 

The  record  we  find  in  history  of  vast  schemes  for  reclamation  of 
great  areas  of  marsh  lands,  the  successful  projects  for  mighty  systems 
of  canal  and  river  regulation,  and  the  aqueduct  systems  of  great  water 
users  like  the  Eomans  and  Greeks  testify  to  the  early  knowledge  the 
ancients  had  of  devices  which  enabled  them  to  determine  differences 
of  levels  with  a  fair  means  of  exactness.  The  Egyptians  must  have 
had  a  fair  idea  of  the  relative  differences  of  the  lied  Sea  and  the 
Mediterranean  when  they  determined  to  connect  the  two  seas  by  a 
canal,  for  it  is  doubtful  if  the  Pharaoh  who  ordered  it  would  have  con- 
sidered his  project  feasible,  desi)ite  his  mighty  resources,  if  he  had 
thought,  as  the  Europeans  did  from  the  time  of  Napoleon's  expedition 
to  Egypt  until  Bourdalour*'R  leveling  survey  in  1847,  that  low  tide  in 
the  Red  Sea  was  8*12'"  higher  than  the  same  tide  in  the  Mediterranean. 

Precise  leveling,  however,  with  its  present  degree  of  exactness,  was 
not  a  possibility  before  the  invention  of  air-bubble  levels,  and  this 
discovery  only  dates  back  to  1666.  In  the  Journal  des  Savants  for 
November  15  of  that  year  is  a  paper  describing  tlie  new  apparatus, 
under  the  heading,  ^'A  new  machine  for  the  regulating  of  waterways, 
for  building  construction,  for  navigation,  and  many  other  arts." 

The  notice  c()nta.ins  a  diagram  and  a  description  of  the  instrument, 
but  does  not  give  the  name  of  the  inventor.  In  1682  Melchisedech 
Th^venot,  in  an  account  of  his  travels,  refers  to  the  instrument  as  one 
he  had  invented  fourteen  or  fifteen  years  i)reviously,  and  he  is  now 
generally  credited  with  this  very  important  discovery. 
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Tliedifticiilty  attending  the  exact  conatructiou  of  the  level  vial,  ][>ar- 
ticularly  thociilibratiuii  of  the  interior,  prevented  the  utilixation  of  the 
new  instrument  until  about  a  century  later,  when  the  ingenuity  of  the 
French  e^igineer  Chezy  overcame  the  difticulty  and  devisiMl  means  for 
obtaining  a  regular  curvature  of  the  inside  of  tlu»  tube  and  enabled 
the  mechanician  to  obtain  any  desired  degree  of  sensibility. 

Tlie  lirst  leveling  instruments  which  utilized  the  IvvA  vial  in  connec- 
tion with  the  telescope  were  modeled  after  the  old  levfl  witli  sighting 
vanes.  The  vanes  were  replaced  by  the  telescope;  but  no  attemi)t  was 
made  to  make  the  line  of  horizon tality  of  the  h*vel  tube  parallel  with 
the  line  of  vision,  and  their  adjustments  had  to  be  rei)eated  freciuently 
and  were  very  laborious. 

Chezy,  in  France,  and  Uainsden,  in  England  (about  a  hundred  years 
after  the  invention  of  the  spirit  level),  were  the  first  to  design  instru- 
ments in  which  the  modern  principles  of  construction  wen*  introduced, 
and  the  main  features  of  those  ciuistructed  after  their  designs  or  by 
them  ai"e  to  be  found  in  many  used  at  the  present  time. 

The  first  large  scheme  of  leveling  was  undertaken  in  the  latter  part 
of  the  seventeenth  century  by  order  of  Louis  XH'  in  conn<H5tion  with 
the  schemes  for  the  improvement  of  French  waterways.  The  perfect- 
ing of  means  for  this  purfwse  engaged  the  attention  of  such  scientists 
as  La  llire,  Mariotte,  and  Iluyghens,  but  the  apparatus  used  was  from 
a.  design  submitted  by  the  Abbe  Picard,  who  was  the  first  to  suggest 
])lacing  cross  wires  in  the  focus  of  the  telescope,  and  who  was  given 
charge  of  the  leveling  oi)erations.  This  level  consisted  of  a  box  about 
l-2.">'»  long  inclosing  a  plumb  line  which  was  arranged  at  right  angles 
on  the  tube  of  a  telescope  furnished  with  cross  wires.  In  this  box  the 
plumb  lino  was  preserved  from  agitation  by  currents  of  air.  A  fiducial 
line  engraved  on  an  interior  side  of  the  box,  and  visible  through  an 
opening,  enabled  the  observer  to  determine  when  the  oi)tical  axis  of  the 
telescope  was  horizontal.  The  reticule  of  his  instrument  was  adjusted 
by  experiment  so  as  to  give  a  horizontal  line  when  observing. 

La  Hire  showed  that  the  error  of  a  sight  with  this  instrument  and 
method  in  the  fi(»ld  need  not  exceed  I  /  30  000  of  the  length  of  a  level 
sight,  which  would  be  nearly  equivalent  to  0'003'"  for  100'".  But  this 
precision  was  only  obtained  at  the  expense  of  long  and  tedious  trials. 

The  first  general  scheme  for  leveling  over  the  area  of  a  great  country 
was  set  forth  in  a  volume  written  by  a  French  scientist,  M.  Ducarla, 
in  1782.  Again,  in  180."),  P.  S.  ( Jirard,  the  engineer  in  chief  of  the  Pouts 
et  Chauss^es,  presented  a  memoir  in  which  he  described  a  project  for 
a  system  of  levelings  which  would  give  all  the  curves  necessary  to 
show  the  configuration  of  the  ground  over  the  whohi  of  France.  This 
idea  does  not  seem  to  have  taken  hold  until  the  Restoration,  when  it 
was  decided  to  prepare  a  new  map  of  France,  and  in  connection  with 
this  scheme  a  general  system  of  trigonometrical  leveling  was  ordered. 
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The  disagreement  (in  some  case<^  amounting  to  2"*)  that  was  so  often 
found  between  the  results  of  this  leveling  and  the  spirit  levels  of 
engineers  in  all  parts  of  the  country  caused  a  great  deal  of  unfa- 
vorable comment,  and  in  1847  the  distinguished  French'  engineer 
Bourdaloue,  in  an  account  of  some  levelings  between  Lyons,  Nimes, 
Marseilles,  and  Valence,  proi)08e(l  a  new  scheme  of  levels  of  control 
and  described  methods  by  wldch  the  work  could  be  done  with  a 
rapidity  and  degree  of  exactness  surpassing  anything  yet  attained  in 
extended  work. 

Bourdaloue  had  already  distinguished  himself  by  several  notable 
nndertakings,  having,  among  other  im]:>ortant  duties,  been  charged  with 
the  study  of  the  toi)ography  of  the  Isthmus  of  Suez,  where  he  had 
shown  the  error  of  the  level  determinations  between  the  lied  Sea  and 
the  Mediterranean  made  by  the  engineers  of  the  First  Napoleon. 

For  several  years  he  occupied  himself  especially  with  the  question  of 
the  general  leveling  of  France.  In  tlie  words  of  Breton  de  Champ,  '^  A 
practical  man  above  all,  he  wished  to  know  at  once  what  would  be  the 
cost  of  bringing  so  vast  a  work  to  a  satisfactory  conclusion.  He  was 
the  i)ossessor  of  a  fortune  acquired  by  the  most  honorable  means,  and 
a  i)art  of  this  was  devoted  to  making  an  experimental  leveling  of  the 
entire  Department  of  le  Cher,  the  one  in  which  he  was  born.  In  July 
15, 1857,  the  minister  of  public  works,  with  the  advice  of  the  general 
coun(;il  of  bridges  and  roads,  intrusted  this  work  (the  general  survey 
of  France)  to  M.  Hourdaloui'',  *  who,  by  his  previous  experience,  his 
capacity,  and  disinttTcstedness,'  gave  every  guaranty  that  could  be 
desired  for  the  proi)er  prosecution  of  an  operation  of  this  great 
im]>ortance.-' 

Perhaps  undue  attention  has  been  given  to  leveling  in  France;  but 
it  has  seemed  worthy  of  remark  because  the  art  we  are  considering 
seems  to  owe  its  origin  and  develo])ment  (as  now  ])racticed)  mainly  to 
the  scientists  and  far-sight<Ml  administrators  of  that  country. 

The  telescope  used  in  tliis  work  was  ()n>0"'  long,  the  diameter  of  the 
ol)je(!tive  was  0-04'",  the  local  length  was  ()*48"',  and  the  magnifying 
jmwer  uscmI  was  'M\,  The  levels  used  were  attjiched  to  the  frame  of 
the  instrument  and  had  vahu^s  of  from  IV  to  7''  for  1"""  division  of  the 
level  tube.  By  means  of  a  screw  tlie  height  of  the  rear  end  of  the  tel- 
escope could  be  modified  when  adjusting  the  instrument. 

The  rods  were  of  the  self-reading  tyoe,  made  of  wood,  4'"  in  length, 
and  divided  generally  into  double  decimetre  and  double  centimetre 
divisions.  Kaeh  double  decimetre  contains  two  groups  of  live  divisions 
of  0()2'"  eacii,  one  on  the  left  and  one  on  the  right  side  of  the  rod. 

The  width  of  the  rod  was  0-07'"  and  tliat  of  the  divisions  0-025'",  leav- 
ing 0*045"'  for  the  figures.  In  each  group  there  were  three  figures,  two 
in  black  and  the  third  red.  The  third  figure  was  0  in  the  lower  half  of 
each  double  decimetre  and  V  in  the  upper  halt.  As  two  observers  read 
the  rod,  and  the  sum  of  their  readings  was  the  true  value  of  the  length 
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taken  for  back  or  fore  «i^ht,  the  divisions  were  conventional.  The  rods 
hail  two  handles  at  the  sides  and  were  supplied  with  wat<5h  levels  to 
insure  their  beinj^  held  peri)endicubir.  They  were  shod  at  the  Iwttoin 
and  were  beld'on  portable  steel  spikes  that  were  driven  in  the  gi'ound 
with  a  hammer  or  maul.  The  methods  of  equal  dist^inces  of  statioiis 
from  instrument  and  keeping?  the  level  bubble  in  the  center  when 
observing  were  followed. 

Each  party  consisted  of  f<mr  persons,  one  called  the  '*  observer,"  one 
called  the  '^ reader,-'  and  two  rodmen.  When  the  rods  were  in  place 
and  the  instrument  leveled  the  observer  direct<?d  his  telescope  toward 
the  back  rod  and  silently  noted  the  reading  (while  the  reader  watche<l 
the  level  bubble  and  saw  it  was  exacjtly  central),  and  then  entered  it  in 
his  notebook.  The  reader  then  took  his  place  and  silently  marked  his 
reading,  while  the  observer  watched  the  bubble.  The  instrument  was 
then  directed  to  thefore  rod  and  the  same  pro<*edure  followed.  Then  the 
level  and  telescope  were  reversed,  and  commencing  on  the  fore  sight  the 
same  number  of  observations  and  in  the  same  order  were  repeated  on  the 
two  rods.  When  all  was  completed  the  reader  .'innounced  his  results, 
and  if  they  agreed  within  the  limits  of  tolerance  with  those  of  the 
observer  the  instrument  was  taken  up  and  carried  to  tiie  n(*xt  station. 
This  metho<l,  it  was  consi<lered,  compensated  materially  for  the  effect 
of  sinking  in  the  instrument  or  for  any  change  which  might  be  due  to 
fine  particles  of  dust  getting  into  the  bearings  of  the  instrument,  and 
practically  eliminated  all  chances  for  recording  a  wrong  reading. 
Sights  were  limited  to  l:i5  or  l'M)"\  except  for  river  crossings.  Each 
line  was  leveled  over  three  times  in  the  manner  described.  Bcmrda- 
loue's  Held  work  was  (executed  between  18.*57  and  18<>(),  and  the  results 
issued  in  1S04.  The  lines  levele^l  comprised  a  length  of  14  (KSO  kilo- 
metres, and  the  cost  of  tiie  work  was  about  50  francs  per  kiloun^tre. 
The  error  of  closing  of  the  i)olygons  in  Bcmrdaloui-'s  work  is  said  to  be 
represent^ed  by  the  ex])ression  l'"'"\/A*?  where  k  was  the  length  of  line 
in  kilometres.  The  diilerence  allowed  between  any  two  measurennMits 
of  a  line  of  levels  is  said  to  be  *' very  approximately"  i*"""  y/h\ 

These  values  are  given  in  Breton  de  Champ's  treatise  on  leveling 
(3d  ed.,  p.  331),  but  it  is  hardly  credible  that  tlie  Bourdaloue  lines 
would  be  now  classed  as  secondary  if  such  precision  was  attained. 

Bourdahme's  work  was  not  carried  out  to  the  ext(*nt  that  was  lirst 
planned  in  185(),  a  neglect  entailing,  according  to  the  estimate  of  a 
writer  in  the  Genie  Civil,  a  loss  to  France  of  at  least  a  half  milliard  of 
francs  (8^0  ()00  000).  In  1884  the  necessity  for  greater  retinement  in 
the  knowledge  of  the  differences  of  levels  between  points  of  the  lirst 
imi>ortance  and  of  a  more  general  system  resulted  in  a  new  scheme 
for  a  general  leveling,  which,  when  juesented  to  the  Chamber  of  Depu- 
ties for  action,  elicited  a  report  from  M.  Sadi-Carnot  (the  present  Presi- 
dent of  the  Republic),  who  was  chairman  of  the  committee  charged 
with  its  consideraticm,  iu  which  he  says:  ^^  Your  committee  is  unani- 
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mons  in  agreeing  to  the  projects  of  the  Government.  All  its  members 
have  received  from  the  bureaus  they  represent  instructions  to  work  for 
the  success  of  an  enterprise  which  concerns  in  the  highest  degree  the 
prosperity  of  agriculture,  the  economy  of  public  work  (departmental, 
communal,  and  corporative),  and  the  defense  of  our  territory  as  well 
as  the  scientific  renown  of  France."  The  ai)propriation  for  the  work 
was  set  at  22  000000  francs.  Nineteen  million  francs  were  to  be  used 
for  field  work,  and  3  000  000  francs  were  set  aside  for  the  production 
of  a  map  (on  a  scale  of  1 :  50  000)  which  would  show  the  results  of  the 
leveling.  The  new  scheme  was  to  consist  of  12  000  kilometres  of  lines 
of  first-class  precision  and  800  000  kilometres  of  lines  of  the  second 
class.  The  same  instrument  and  general  methods  were  to  be  used  for 
both  classes  of  work ;  but  the  allowance  for  discrepancies  and  probable 
error  is  about  double  for  the  second  cla^ss  what  it  is  for  the  first,  and 
there  are  no  reversals  of  telescope  and  level  required  for  second-class 
lines.  The  results  of  the  levels  are  checked  by  connections  with  12 
first-class  self- registering  gauges  on  the  channel,  Atlantic,  and  Medi- 
terranean. 

This  new  leveling  scheme  was  put  in  charge  of  a  special  commission 
consisting  of  delegates  from  the  bridges  and  roads  service,  the  army, 
and  the  mining  engineers.  The  instrument  used,  which  weighs  12  kil- 
ogrammes, has  a  telescope  with  an  aperture  of  3(3"^'",  a  focal  length  of 
.36*™,  and  a  magnifying  power  of  25;  radius  of  curvature  of  level  tube 
50"*,  giving  a  value  of  about  4"*1  per  millimetre. 

The  instrument  is  carried  on  a  spherical  bearing,  which  permits  its 
being  leveled  approximately  before  nsing  the  leveling  screws.  By 
means  of  reflecting  prisms  the  two  ends  of  the  bubble,  with  their 
accompanying  graduations,  are  visible  in  the  telescope  to  the  observer, 
enabling  him  to  verify  the  accuracy  of  the  level  centering  at  the  instant 
of  getting  the  rod  reading.  The  reflecting  prisms  are  ground  to  differ- 
ent curvatures,  so  that  both  ends  of  the  level  are  reflected  with  equal 
distinctness  and  size.  The  rods  are  the  so-called  compensating  staves, 
designed  by  Colonel  Goulier  of  the  commission.  They  are  of  the  self- 
reading  varieties  and  made  of  wood.  The  divisions  are  centimetre,  5"'"», 
and  2""".  The  peculiarity  of  the  rod  is  the  provision  made  for  its  reaiiy 
comparison.  This  consists  of  a  Borda  scale  of  iron  and  brass  bars, 
used  only  for  determining  the  length  of  the  wooden  rod  fastened  to  it 
at  the  lower  end  and  allowed  to  move  freely  In  the  opposite  direction. 
The  ends  of  the  rods  carry  fine  scales,  the  relative  i)ositions  of  which, 
as  well  as  their  comparison  with  a  similar  one  on  the  wooden  part  of 
the  rod,  are  read  three  times  a  day  and  noted  in  the  record  to  deter- 
mine  the  variations  in  the  length  of  the  rod. 

When  the  wooden  rod  is  graduated  no  care  is  taken  to  divide  it  with 
great  exactness.  A  systematic  error  is  allowed,  and  the  correction  for 
each  divisi(m  is  determined  by  comparison  with  a  standard  scale;  and 
the  list  so  obtained  is  reserved  for  the  comx)uters  and  is  purposely  ke^it 
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secret  from  the  observers.  Aft^r  the  standardizing  of  the  rods  a  table, 
called  an  abacas,  is  prepared,  by  means  of  which  by  a  rapid  operation 
the  computer  finds  for  the  apparent  difference  of  level  reiidings  between 
the  two  rods  the  correction  to  be  applied  on  account  of  the  irregulari- 
ties of  the  rod  division,  shown  by  the  standardizing  and  the  variation 
of  length  shown  by  the  reading  of  the  scales  of  c/)mpensation. 

For  this  new  work  in  France  two  field  parties  have  been  employed, 
each  consisting  of  four  men — an  observer,  an  assistant,  and  two  rodmen. 
The  first  thing  done  is  the  selection  of  the  places  for  bench  marks.  They 
are  then  cemented  into  place,  and  after  that  the  leveling  begins.  A 
day's  work  is  restricted  to  the  leveling  between  two  fixed  bench  marks, 
and  the  line  is  to  be  run  forward  and  backward.  Pickets  are  driven  in 
the  ground  to  support  the  rods,  and  in  their  tops  hemispherical-headed 
nails  are  driven  for  the  rod  to  stand  on.  The  same  pickets  are  used  for 
both  measurements.  Two  rods  are  used  in  each  party.  After  the  end 
of  a  day's  field  work  the  record  for  the  day  must  be  mailed  to  the  central 
office  for  computation,  and  if  any  errors  are  found  beyond  the  limit  of 
tolerance,  the  line  is  re-run.  The  fixed  bench  marks  are  plates  of  oxi- 
dized iron  or  bronze  carrying  a  hemispherical  projection  on  the  flat  top 
of  the  piece  projecting  from  the  wall  in  which  it  is  fastened.  On  this 
the  rod  is  set  when  the  bench  mark's  height  is  determined.  A  vertical 
porcelain  plate  is  also  attached  to  the  wall,  which  carries  letters  and 
numbers  representing  the  section  and  place  in  it  of  the  bench  mark; 
also  the  inscription  "Nivellement  General"  and  the  figures  which  repre- 
sent the  height  of  the  bench  mark  above  mean  sea  level.  Another  form 
of  bench  mark  is  a  hemispherical- topped  bronze  bolt,  which  is  cemented 
into  the  portals  and  base  courses  of  certain  buildings  and  bridges. 

A  special  and  original  system  of  pay  has  been  devised  for  this  work 
by  M.  Lallemand,  to  whom  more  than  anyone  else  the  credit  for  the 
great  success  of  this  leveling  is  due.  The  pay  of  the  field  men  increases 
nearly  as  the  square  of  the  length  of  lines  run  by  them.  Bourdaloue's 
work,  which  had  an  accuracy  only  about  one-third  as  good  as  the  current 
system,  cost  50  francs  per  kilometre.  When  the  new  work  was  taken 
up,  in  1884,  the  price  was  41  francs  per  kilometre,  and  now  it  has  fallen 
to  33  francs  per  kilometre,  wliile  at  the  same  time  the  rodman's  pay  has 
increased  from  6  francs  50  centimes  to  12  francs  per  day. 

The  instruments,  rods,  and  methods  of  this  work  show  a  marked  dif- 
ference from  those  employed  in  India,  Switzerland,  and  Crennany,  but 
apparently  they  are  impressing  others  with  their  worth.  In  an  article 
in  the  Genie  Civil  it  is  stated  that  they  have  been  adopted  for  the  surv<y 
of  Algiers  and  ^Tunis  by  the  Service  Geographique  de  TArmee.  They 
are  to  be  employed  in  the  now  leveling  survey  of  Belgium.  The  Mili- 
tary Geographical  Institute  of  Florem^e.has  announced  its  intention  of 
substituting  these  instruments  and  methods  for  the  Swiss  and  German 
ones  hitherto  exclusively  used ;  and  the  Prussian  Military  Topogiaphical 
Service  is  also  going  to  make  a  trial  of  them  (1890). 
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The  French  work  is  made  up  of  closed  polygons  which  average  abont 
380  kilometres  in  perimeter.  Tlie  probable  error  amounts  on  the  aver- 
age to  0*9'"'°  per  kilometre.  The  mean  sea  level  at  Marseilles  is  the  datum 
plane  adopted,  and  in  addition  to  the  self-registering  gauge  at  that  port 
.11  other  of  the  new-form  tide-registering  gauges  known  as  mediama- 
remeters  are  employed  in  connection  with  the  leveling.  In  1863  the 
results  of  the  French  work  showed  that  the  elevation  assumed  for  the 
initial  point  of  the  Swiss  leveling  system  was  2'59™  too  high.  Values 
obtained  from  the  lines  of  railroad  levels  which  converged  atBSle  gave 
a  result  which  pointed  to  an  error  of  2*11'";  and  a  discussion  of  the 
trigonometrical  results  showed  that  the  fundamental  altitude  of  the 
Ghasseral,  which  had  been  selected  as  the  i)oint  of  reference  for  that 
work,  by  a  mistake  was  taken  0'97™  too  high,  and  consequently  all  these 
heights  were  too  great  by  that,  quantity. 

The  consideration  of  these  matters  led  to  the  appointment  of  a  com- 
mission to  provide  for  Switzerland  a  new  and  precise  system  of  levels. 
This  committee,  through  its  representative,  M.  Hirsch,  in  1804  pre- 
sented a  resolution  to  the  International  Geodetic  Conference,  which, 
being  adopted,  recommended  a  general  system  of  precise  levels  over 
the  greater  part  of  Euroi)e  in  which  the  method  of  leveling  by  equal 
sights  and  providing  for  the  control  of  the  work  by  a  combination  of 
closed  polygons  was  to  be  followed.  It  was  provided  that  each  con- 
curring nation  should  establish  a  permanent  zero  to  which  all  of  its 
heights  would  refer,  the  mean  level  of  the  sea  to  be  determined  at  the 
greatest  possible  number  of  points  by  means  of  self-registering  appa- 
ratus, and  the  zero  iK)int  of  the  tide  gauges  to  be  comprised  in  the 
primary  leveling.  Upon  the  completion  of  the  work  a  plan  of  compar- 
ison for  all  the  heights  in  Europe  was  to  be  decide<l  ui)on. 

The  instrument  adopted  by  the  Swiss  was  made  by  Kern  and  was  of 
the  type  which  is  so  generally  known  by  his  name.  Two  parties  were 
selected  for  the  work,  and  two  instruments  almost  identical  were  sup- 
plied to  them.  The  apertures  of  the  objectives  were  0*033'"  and  0'036", 
their  focal  length  0'411»"  and  0*406"',  and  their  magnifying  powers  42 
and  45,  respectively.  At  first  a  Repsold  level  bubble  with  a  value  of 
1"'5  for  a  length  of  division  2-20'"'"  was  used,  but  it  was  found  impossi- 
ble to  utilize  it  in  the  ojjen  air,  and  an  Ertel  level  of  double  the  value 
was  substituted  for  it.  The  level  values  were  obtained  by  means  of 
the  3-foot  meridian  circle  in  the  Neufcluitel  Observatory. 

In  the  first  instrument  the  reticule  hud  one  fixed  and  one  movable 
wire,  and  the  distance  of  the  fixed  thread,  from  2«"»  divisions  between 
which  it  came,  was  measured  by  the  movable  wire  connected  with  the 
micrometer  attached  to  the  telescope.  But  it  was  found  that  the  errors 
of  the  micrometer  readings  were  as  great  or  greater  than  those  made 
in  dividing  the  rod  by  estimation,  and  three  fix(»d  horizontal  wires  were 
attached  to  the  reticule.  In  a  series  of  experiments  the  rods  were  set 
at  a  number  of  points  varying  in  distance  from  the  instrument  between 
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10™  and  100"*,  and  roadinjr«  taken,  respex^tively,  with  iniitrometer  and 
with  the  three  wires. 

For  the  first  instrument  and  observer  the  mean  error  of  a  determina- 
tion by  use  of  fixed  thread  was  :1:  <)"-8:W,  and  for  the  miitrometer  thread 
it  was  ±  1"-112. 

For  the  second  instrument  and  observer  these  vahies  were,  respec- 
tively, -Jz  1"-112  and  4:  1"'578.  The  mean  error  of  a  readinff  in  the  lield 
made  with  the  first  instrument  and  observer  when  the  mi(roniett>r 
method  was  used  was  -I:  ()*69"'"'.  In  tlie  foHowinjr  year,  wlien  the  tliree 
threads  were  used,  this  was  reduced  to  -L  0*48'""'. 

One  rod  was  used  in  each  party.  These  were  made  of  i)in<»  wood,  and 
were  very  carefully  constructed  by  M.  Kern,  who  attended  i>ersonally 
to  their  graduation  a:id  painted  the  lines  on  them  with  his  own  hands. 
This  was  done  with  such  precision  that  the  errors  of  the  divisions  did 
not  exceed  the  limits  of  errors  of  observation.  The  rods  were  3™  lon<f, 
gem  ^ide,  2-2<"»  thick.  To  secure  strength  they  liad  each  a  dorsal  rib 
4'8*'*"»  thick,  2*"'"  wide.  The  division  was  into  centimetres  alternately 
black  and  white  in  the  center  of  the  rod.  Outside  them  were  white 
spaces  on  wliich  the  numbers  were  painted,  on  one  side  even  and  odd 
on  the  other.  The  rods  hjul  box  levels  and  snmll  projecting  metal 
brackets.  From  the  upper  one  the  plumb  bob  was  suspended  when  tests 
were  made,  and  the  lower  one  carried  a  small  pyramid,  the  coincidence 
.  of  whose  point  with  the  point  of  the  plumb  bob  proved  the  perpendic- 
ularity of  the  rod.  The  end  of  the  rod  was  shod  like  those  nsed  for 
precise  leveling  work  in  the  Coast  Survey.  The  foot  plates  were  also 
similar.  A  light  tripod  was  used  to  support  the  rod  when  occasion 
required  it. 

A  large  umbrella  was  used  t^  shade  the  instrument.  Generally  the 
only  check  on  the  character  of  the  work  was  the  closing  of  the  ])oly- 
gons,  but  in  some  special  cases  double  lines  were  run.  It  was  hoi)ed 
that  the  reading  of  the  three  fixed  lines  would  remove  all  danger  of 
large  errors  of  reading,  but  in  the  reports,  nevertheless,  there  are 
instances  of  mistakes.  In  one  case  an  error  of  a  decimetre  was  made; 
in  a  second,  one  of  2-G'^"' ;  in  a  third,  of  a  whole  metre. 

A  special  point  was  made  of  separating  the  observations  from  the 
computations.  Each  evening  the  observer  was  required  to  make  a 
copy  of  his  day's  record  and  compare  it  with  his  rodman.  Then  one 
copy  was  sent  to  the  observatory  at  Xeufchatel  from  the  first  post-ofliite 
available,  and  when  an  acknowledgment  was  had  the  other  copy  was 
sent  to  Geneva  and  two  independent  computations  were  miule,  one  at 
each  observatory. 

The  collhnation  and  level  adjustments  are  tested  and  the  inecjuality 
of  pivots  is  determined  after  mounting  and  before  disnumnting  the 
instrument.  Generally,  in  case  the  instrument  receives  any  jar,  they 
are  to  be  determined  bi^fore  the  instrument  is  used,  and  in  any  event 
they  must  be  determined  once  a  day. 
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The  followinj2r  ia  the  maimer  of  observing  at  a  station:  Having^  made 
the  telescope  liorizontal  aud  having  set  the  vertical  wire  of  the  telescojie 
on  the  center  of  the  rod,  the  observer  reads  the  level,  noting  the  posi- 
tion of  the  ends — reading  them  to  tenths.  Then  on  signal  from  the  rod- 
man  that  his  staff  is  vertical  he  reads  the  position  of  the  three  horizontal 
wires  on  the  rod,  beginning  with  the  lowest,  giving  the  result  to  deci- 
millimetres^.  Then  he  examines  his  reading  to  see  that  tliere  is  no  eiror 
of  a  centimetre  or  more,  and  for  the  second  time  here^ids  the  level.  On 
favorable  ground  the  mean  error  i)er  kilometre  was  about  -L  0*G6"'"',  but 
over  some  of  the  high  mountains,  where  rods  had  to  be  set  up  in  springy, 
grassy  ground,  probable  errors  of  ^'oT"""  were  found. 

Two  kilometres  ]>er  day  seems  to  have  been  the  average  rate  of 
progress. 

B(»fore  beginning  the  leveling  work,  in  18(55,  two  bolts  were  securely 
cemented  into  a  rock  in  front  of  the  observatory  at  Neul'chatel  which 
differed  about  2*9'"  in  elevation,  and  each  season  the  comparative 
lengths  of  the  rods  were  tested  by  being  held  on  them,  with  the  instru- 
ment set  up  exactly  between  them,  in  addition  to  this  test,  the  rods 
were  tested  every  winter  by  comparison  with  the  Swiss  standard  in 
Berne,  and  the  results  of  the  operations  for  fifteen  yeais  show  a  mean 
variation  in  the  length  of  the  rods  (determined  on  the  bench  marks  at 
Xeufchatel)  of  rt  0'0(>4'"'"  per  metre;  and  for  rod  number  I,  determined 
at  Berne,  of  -A-.  0-058'""',  for  rod  number  II  of  0.066'"'",  or  a  mean  of 
±  0-062'""'. 

The  observati<ms  at  Berne  were  nearly  all  made  at  a  mean  tempera- 
ture in  winter,  while  those  at  Neufchatel  were  at  the  beginning  or  end 
of  a  field  season  in  temperatures  varying  from  2^*6  to  24°  C.  aud  with 
an  air  saturation  varying  from  0'57  to  0*98.  The  remarkable  accord- 
ance of  the  result  gave  the  (jommission,  it  states,  a  new  guaranty  that 
the  rods,  even  when  ex])osed  in  the  field  to  still  greater  extremes,  would 
not  experience  variations  sensibly  greater  than  those  determined  in  the 
experiments. 

The  only  information  on  the  subject  of  English  levels  of  precision 
that  was  attainable  was  the  report  on  the  work  done  in  India  in  con- 
netjtion  with  the  Great  Trigonometrical  Survey.  Here  for  many  years 
differeiutes  of  height  were  obtained  trigonometrically,  but  in  1858  the 
Survey  began  a  line  of  spirit  levels  to  connect  points  in  central  India 
with  the  mean  sea  level  in  Karachi  Harbor  and  this  work  has  since 
continued. 

The  instrument  atlopted  was  the  Troughton  &  Simms  level,  described 
in  Simms's  Treatise  on  Instruments,  of  1844,  and  is  the  ordinary  Y-level, 
except  that  the  level  is  partly  embedded  in  the  telescope  tube.  The 
focal  length  of  the  instrument  was  53*''"  (21  inches)  and  its  magnifying 
power  about  42.  The  levels  hiul  a  value  of  about  V'.l  for  a  division 
(length  not  given),  and  in  observing  the  ends  of  the  bubble  were  read. 

The  rods  were  of  wood,  10  feet  long,  and  divided  into  feet,  tenths  and 
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hundredths,  one  face  having  a  white  ground  with  black  figures  and  the 
other  a  black  ground  with  white  figures. 

On  the  first  face  the  feet  were  numbered  from  0  to  10  and  on  the  other 
from  5*55  to  15*55.  Both  faces  were  read  at  each  station,  and  if  the 
horizontal  wire  intersected  the  commencement  of  a  foot  on  one  facre  it 
•  would  intersect  the  middle  of  a  different  foot  on  the  other  face,  and  the 
observer  could  not  be  biased  to  repeat  in  the  second  reading  a  mistake 
made  in  his  first,  any  error  in  either  reading  being  shown  by  the  devia- 
tion of  the  difference  of  the  two  values  from  the  normal  amount  5'55, 
or,  in  practice,  by  the  difference  in  the  resulting  rise  or  fall  obtained  from 
the  pairs  of  black  and  white  face  readings,  which  should  give  very 
nearly  identic^al  results. 

"The  rods  were  furnished  with  plumb  bobs,  let  into  their  sides  and 
visible  through  glass  doors.  Swivels  were  fixed  on  the  top  of  the 
rods  for  guy  ropes,  to  adjust  tliem  to  the  perpendicular  and  keep  them 
steady.  In  order  that  the  results  obtained  at  each  station  by  successive 
observers  might  be  rigorously  comi)ared,  it  was  necessary  that  the 
successive  rotls  should  invariably  be  set  up  on  constant  points,  never 
on  uneven  surfaces.  This  was  secured  by  driving  a  hemispherical 
brass  brad  in  the  head  of  each  of  the  pins  that  were  used  for  maiking 
out  the  line  of  levels.'' 

The  distances  of  the  rods  from  the  instrument  were  measured  with 
a  chain.  They  were  invariably  made  of  ecjual  length,  and  at  the  time 
of  the  report  (1802),  when  levels  had  been  extended  nearly  2  0(K)  miles 
and  over  every  kind  of  country,  involving  the  occupation  of  12  000 
stations,  the  rule  had  not  been  transgressed  in  a  single  instanre.  In 
the  field  two  or  three  observers  went  over  a  line  with  different  instru- 
ments and  rods,  but  all  using  the  same  pegs. 

The  instruments  were  carefully  shielded  from  the  sun,  but  seem  to 
have  been  dismounted  at  every  station. 

At  an  early  ])eri()d  in  this  work  the  ever-pre*>ent  terror  of  the  lev- 
eler,  "  cumulative  error,"  showed  itself,  and  as  it  had  been  su])i>(Ksed 
that  the  refinement  of  the  instruments  and  methods  employed  left  no 
room  for  any  such  difference,  and  the  surveyors  had  no  knowledge 
of  the  results  which  had  perplexed  earlier  investigators,  this  factor 
caused  much  anxiety  and  troublesome  investigation.  After  the  first 
season's  work  an  acccmnt  of  Professor  Whewell's  <liscussion  of  the  line 
of  levels  run  from  the  r>ristol  Channel  to  the  English  Channel  in 
18.'57-»'58  for  the  British  Association  relieved  the  Indian  surveyors  to 
some  extent  from  the  fear  of  unusual  errors  in  their  leveling. 

One  of  the  means  employed  to  overcome  this  trouble  was  running 
alternate  sections  in  different  directions  by  the  two  observers  and 
beginning  the  observations  alteriiately  with  the  back  and  fore  rod. 
.  When  this  method  is  used,  the  black  fai;e  is  read  iirst  wh<»n  the  back 
rod  is  t^iken  first,  and  the  white  face  is  read  first  when  the  fore  rod  is 
first  taken. 
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Tlie  rods  are  read  to  the  third  decimal  place,  and  if,  after  the  leveling 
correction  is  applied,  there  is  a  diiference  of  0*000  of  a  foot  in  the  results 
at  a  station,  it  must  be  releveled;  and  if  the  discrepancy  remains,  the 
first  observer  is  recalled  to  remeasure  the  station,  unless  it  appears 
that  the  fore  peg  has  been  disturbed,  which  would  at  once  be  shown  by 
a  corresponding  change  in  the  results  obtsiined  at  the  next  station. 
All  the  results  are  used  in  the  final  comimtation.  The  bench  marks 
are  stone  posts  which  are  put  in  the  earth  at  average  distances  of 
about  10  miles.  The  average  daily  rate  of  ])rogress  for  each  party  is  4 
miles  in  open,  level  country.  The  average  annual  output  of  work  is  354 
miles  of  double  or  treble  line. 

The  rods  are  set  up  at  distances  of  8  to  10  chains  (of  links)  from  the 
instrument  in  the  morning  and  4  to  5  chains  later  in  the  day.  A 
I)ortable  iron  bar,  whose  length  is  known  in  terms  of  the  standard 
of  the  trigonometrical  survey,  is  taken  in  the  field  and  compared  at 
intervals  with  the  rods. 

In  the  German  precise  levels  there  has  been  no  uniformity  in  type  of 
instrument  or  rod  used,  although  it  is  worthy  of  note  that,  in  common 
with  the  Swiss,  Italians,  French,  Dutch,  Belgians,  and  English,  wooden 
rods  seem  to  be  exclusively  employed. 

In  the  precise  leveling  in  the  Elbe  Valley  and  in  the  lines  from  Swine- 
numde  (on  the  Baltic)  to  Amsterdam  and  to  Lake  Constanz  instruments 
made  by  Breithaupt  &  Son  were  used.  The  diameters  of  the  objectives 
were  42'"'",  the  focal  lengths  were  400""",  and  the  value  of  one  division 
of  level  for  a  length  of  2'20'""'  was  5"'2.  Glass  diaphragms  were  used, 
and  the  instruments  had  two  eyepieces,  allowing  magnifying  power  of 
42  and  32.  The  telescope  rested  on  steel  prisms  and  could  be  revolved 
about  its  axis,  and  could  be  changed  end  for  end.  The  level  could  also 
be  changed  end  for  end.  The  rods  used  were  of  wood  and  of  the  type 
called  by  the  Germans  ''reversible  mds.''  One  fac^e  was  graduated  from 
the  bottom  to  the  top  and  the  other  from  the  top  down. 

The  Germans  have  paid  great  attention  to  the  subject  of  the  sinking 
of  the  rods  and  instrument,  and  to  variations  in  the  relations  of  the  tele- 
scope and  level  while  the  observations  are  being  made  at  a  station.  The 
manner  of  reading  the  rods  and  the  setting  up  of  the  instrument  have 
been  considered  in  relation  to  these  possible  disturbances.  On  the  Elbe 
work,  where  an  extremely  elaborate  metho<l  was  adopted,  the  procedure 
at  a  station  was  as  follows:  First,  the  cross  wires  were  directed  to  the 
front  face  of  back  rod  a  and  reading  taken  and  the  level  ends  read; 
second,  front  face  of  rod  b  read  and  level  read;  third,  rear  face  of  rod 
h  read  and  level  reading  taken ;  fourth,  read  rear  face  of  rod  b  and  the 
level.  Then,  after  reversal  of  telescope  and  level,  these  were  repeated, 
and  the  fifth  operation  corresponded  to  the  third,  the  sixth  to  the  fourth, 
the  seventh  to  the  first,  and  the  eighth  to  the  second. 

In  setting  up  the  trii)od  it  was  deemed  advisable  to  follow  a  regular 
plan,  in  which  it  was  provided  that  if  the  center  leg  of  the  tripod  was 
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set  up  at  station  1,  point  forward,  at  station  2  it  should  i>oint  backward, 
at  station  3  forward,  and  at  station  4  backward  a^ain.  This  was 
intended  to  ottset  the  disturbances  duo  to  tlio  observer  moving  around 
the  instruujent. 

An  iron  metre  bar  which  was  compared  with  the  200*^"  Dcrue  Bar, 
the  standard  adoi)ted  for  rod  com])arison8  for  all  the  Kuropean  i)recise 
leveling?,  was  carried  for  regular  daily  comxjarisons.  The  rod  was  first 
compared  for  every  single  division  error  before  going  to  the  field,  and 
after  that  the  whole  metre  comparisons  were  considered  sufficient  to 
find  the  daily  variation  in  the  rod  length. 

The  instnimcnt  used  in  the  Prussian  work  by  Dr.  Jordan  is  of  the  Y 
type.  The  diameter  of  the  objective  is  41"""  and  the  focal  length  of  the 
telescope  is  420"'^;  its  magnifying  power  30'*"".  Box  levels  are  used 
on  the  instrument  and  tripod  for  the  first  rough  leveling  of  the  instru- 
ment.   One  level  division  of  2*26"""  in  length  corresponded  to  4"-l. 

The  rod  used  was  a  hollow  wooden  one,  3"*  long,  ll**"'  wide,  and  3'.")°™ 
in  thickness.  The  divisions  were  in  half  centimetres  (subdivided  into  10 
parts),  painted  on  the  center  of  the  face  On  one  side  of  the  marks  were 
numbers,  increasing  from  the  bottom  of  the  rod  toward  the  top;  on  the 
other  side  the  numbers  increased  from  the  top  toward  the  bottom. 
Small  silver  stubs  were  inserted,  on  the  faces  of  which  were  drawn  lines 
marking  the  end  of  each  metre.  Each  party  was  sui)plied  with  a  field 
stand<ird,  which  was  used  for  making  comi)arisons  with  the  rod  once  or 
twice  a  day.  This  custom  was  injtroduced  in  the  Oerman  surveys  in 
1878,  and  is  now  the  universal  rule.  The  time  required  is  but  short,  as 
Jordan  claims  it  can  bo  done  in  five  minutes  dailv. 

The  maximum  length  of  sight  in  Jordan's  work  Avas  50"',  and  l>enchea 
were  put  in  at  every  2  000"'. 

The  lines  were  leveled  in  both  directions  and  in  the  following  manner : 
If  the  line  started  at  bench  mark  T'and  was  carried  to  stubs  a,  />,  r,  </, 
when  returning  (m  the  same  day  the  work  was  tak(»n  uj)  at  r  and  carried 
ba<!k  to  T.  On  the  next  day  it  was  taken  uj)  at  d  and  carried  forward 
as  on  the  day  before,  but  on  the  return  the  work  was  carried  through  to  r. 

In  an  article  in  the  Zeitschrift  fiir  Vi^rmessungswesen  Dr.  »lordan 
gives  as  a  sample  of  the  rate  of  progress  made  by  him  the  line  from  (ier- 
mersheim-Bretten  to  Strassburg-Kniebis,  103*8  kilometres  in  h*ngth, 
and  says  it  was  leveled  twice  by  him  in  twenty-seven  days.  The  party 
seems  to  have  consisted  of  an  observer,  assistant,  and  two  rodmen. 
His  experience  showed  that  the  leveling  was  more  rai)id  with  short 
sights  than  with  long  ones.  By  experiment  he  found  that  a  half  kilo- 
metre was  leveled  in  23-4  minutes  when  the  instrument  was  set  u[)  six 
times  and  in  23*17  nunutes  when  the  instrument  was  set  up  seven  times. 

In  this  line  a  very  interesting  experience  bearing  upon  one  of  the 
ftu^tors,  that  of  sinking,  which  enters  into  tlie  matter  of  cumulative 
error,  was  encountered.  Dr.  Jordan  in  one  day  leveled  a  stretch  of  i\ 
kilometres,  in  which  he  established  three  bench  marks.    ^V  light  rain  was 
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falliug  at  times  and  the  seeing  was  particularly  good.  The  reversed 
leveling  on  this  stretch  was  made  on  a  day  when  the  road  was  firm  and 
dry,  and  the  difference  between  the  two  measarements  was  56™°*,  or 
9.3mm  p^j.  kilometre.  The  differences  between  the  lines  on  the  different 
bench  marks  were  23""»,  19"™,  and  14™™,  all  with  the  same  sign. 
Another  measurement  showed  that  the  second  line  was  correct.  This 
was,  of  course,  an  exceptional  case,  and  Dr.  Jordan  thinks  that  ±  1™" 
for  this  cause  would  usually  be  an  extreme  value.  The  Swiss  levels 
gave  results  which  showed  a  probable  value  in  their  lines  of  ±  0*5™", 
and  Seibt's  Weichsel  levels  gave  a  value  of  ±  0*3™™  for  this  error. 

In  comparing  the  procedure  of  foreign  countries  with  our  own  one 
is  struck  with  the  stress  that  is  there  laid  upon  frequent  comparisons 
of  their  rods  with  standards  of  length.  This  is  of  course  partly  due 
to  the  fact  that  wooden  rods  (the  French  rod  must  be  considered  such, 
as  the  metal  rules  in  it  are  only  used  for  checking  the  length  of  the 
wooden  section)  are  exclusively  used.  Still  the  experience  of  levelers 
abroad  seems  to  be  that  this  necessity  for  frequent  comparison  is  not  a 
serious  objection  to  the  use  of  the  wooden  rod,  and  there  seems  to  be 
no  disposition  on  their  part  to  abandon  its  use  or  to  think  its  use  incon- 
sistent with  obtaining  the  best  results. 

In  this  connection  we  may  cite  the  results  of  Colonel  Goulier's  experi- 
ments on  wooden  rods,  which  are  given  in  Kalmar's  reports  on  the 
results  of  European  levels  to  the  International  Geodetic  Association 
in  1893.    They  are : 

1.  That  the  influence  of  temperature  is  not  affected  by  the  methods 
of  preparation,  and  that  for  wood  of  the  pinus  or  conifera?  varieties  the 
rate  of  expansion  is  9/i  per  metre  per  degree  centigrade. 

2.  That  of  all  woods  the  pine  is  least  affected  by  moisture.  The  effect 
of  moisture  is  in  the  direction  of  the  vertical  to  the  fibers.  Boiling 
in  oil  has  little  effect  in  reducing  the  changes  due  to  moisture,  but  a 
repeated  painting  with  cold  white  lead  reduces  the  variations  consid- 
erably. 

The  variation  in  length  on  account  of  moisture  is  proportional  to 
the  increase  in  saturation  until  60  per  cent  is  reached;  after  that,  there 
is  very  little  change  for  any  degree  of  saturation  above  this. 

For  paintcid  pine  wood  rods  the  coefficient  of  expansion  per  metre  for 
1  per  cent  increase  in  humidity  amounts  to  18//. 

As  the  rods  may  vary  from  —  5^  C.  to  +  45^  (J.  in  temperature,  and 
the  percentage  of  saturation  may  change  from  15  to  95  j)er  cent  in  the 
course  of  the  season,  the  gross  changes  for  the  first  cause  may  be  450 /« 
l)er  metre  and  for  the  second  810//.  But  these  causes  generally  affect 
the  rod  in  opposite  directions;  when  the  moisture  increases  the  temper- 
ature falls  and  vice  versa,  and  experience  has  shown  that  the  greatest 
differences  do  not  exceed  500;/. 

Lallemand  furnishes  a  table,  which  is  published  in  the  report  referred 
to  above,  on  pages  190  and  191,  giving  the  variations  of  six  pairs  of 
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rods  test^  in  the  years  between  1884  and  1801.  There  are  28  sets,  and 
the  observations  were  made  in  each  case  on  each  set  in  the  beginning  of 
snmmer  and  at  the  end  of  fall  or  beginning;:  of  ^vinter.  Only  in  one  case 
is  there  a  difference  between  the  inaxiraum  and  minimum  of  anv  rods 
for  a  season  reaching  500//  per  metre.  The  average  seems  to  bo  about 
250//.  Captain  Kalmar  calls  attention  to  the  very  important  fact,  that 
has  been  shown  by  the  re(!ords  of  the  French,  Prussian,  and  Swedish 
rod  examinations,  that  the  maximum  or  minimum  values  of  rods  used 
together  in  a  season  and  tested  together  were  found  to  be  attained  in 
almost  every  case  on  the  same  days  for  both  rods.  Hence,  there  is  no 
chance  for  the  individuality  (as  he  expresses  it)  of  any  rod  of  a  pair 
militating  against  securing  good  results. 

In  closing  this  short  rosumti  of  foreign  methods  and  instruments,  it 
may  be  interesting  to  quote  from  the  report  of  the  International  Geo- 
detic Association  the  length  of  precipe  levels  in  Kurope.  It  amounted 
to  102  800  kilometres  at  the  end  of  1891.  This  includes  no  returns  from 
Great  Britain,  and  does  not  include  Bourdaloue's  levels  in  France,  which 
are.no w  considered  of  the  second  order,  or  the  old  lines  in  Prussia  and 
Belgium. 

PRECISE   LEVELS  IN   THE   UNITED   STATES. 

In  the  survey  of  the  Great  Lakes  their  elevation  was  determined  by 
a  combination  of  water  levels,  wye  levels,  and  precise  levels.  The 
bench  mark  at  Greenbush,  X.  Y.,  on  which  this  work  depends,  was 
determined  by  the  Coast  Survey  in  1856-57,  but  the  accuracy  of  the 
determination  would  not  at  this  date  be  regarded  as  satisfactory. 

Starting  from  Greenbush,  two  lines  of  wye  levels  (in  the  same  direc- 
tion) were  run  by  different  parties  to  Oswego.  Two  rods  were  used  in 
each  party.  A  limit  of  discrepancy  between  the  two  lines  of  10"*"'  a/S^ 
was  established,  and  the  accumulated  discrepancy  amounted  to  0*293™ 
in  the  400  kilometres. 

From  Oswego,  N.  Y.,  the  elevation  was  carried  by  water  levels  across 
Lake  Ontario  to  Port  Dalhousie,  Canada,  and  thence  to  Port  Colborne 
by  precise  levels;  thence  across  Lake  Brie  to  Gibraltar,  Mich.,  by  water 
levels;  thence  to  Lakeport  by  precise  levels;  thence  across  Lake  Huron 
and  as  far  as  Escanaba,  on  Lake  Michigan,  by  water  levels,  and  thence 
to  Marquette,  Mich.,  by  precise  levels. 

The  i)reci8e  levels  referred  to  above  may  be  described  as  follows: 

Kern  levels. — ^Wooden  rods  graduate<l  to  0*01 '" ;  position  of  three  hori- 
zontal wires  were  read  on  the  rod,  estimating  to  0*(K)1«»;  sights  equal 
within  10™  and  did  not  exceed  100'".  Correction  applied  to  rod  reading 
for  coUimation,  inclination,  irregularity  of  collars,  and  absolute  length 
of  rod.  Two  lines  in  the  same  direction  by  two  independent  ])arties; 
two  rods  were  used  in  each  party.  The  agreement  is  generally  very 
good.  The  limit  of  tolerance  was  fixed  at  5"'™  Vk  and  afterwards 
increased  to  10"»™  Vjc7    These  lines  are  all  short,  but  they  show  the 
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gradual  accumulation  o£  error  or  divergeuc**/  of  the  lines  which  so  gen- 
erally accompany  levels  of  precision. 

It  was  assumed  that  the  mean  level  of  Lakes  Huron  and  Michigan 
was  identical  from  May  19  to  August  31, 1875.  A  theoretical  discussion 
was  made  of  tlie  condition  existing  at  the  narrow  Junction  of  the  two 
lakei^  and  a  deduced  correction  applied. 

In  the  survey  for  the  improvement  of  the  Mississippi  River  an  exten- 
sive system  of  precise  levels  has  been  executed.  From  New  Orleans  t-o 
Greenville  the  work  was  done  by  the  Coast  and  Geodetic  Survey  for 
the  Mississippi  Eiver  Commission,  and  is  fully  described  in  Appendix 
No.  11  to  Report  for  1888.  From  Greenville  they  were  extended  by  the 
Commission  north  to  St.  Louis,  and  thence  to  Savanna,  III.,  along  tlie 
river,  and  thence  along  the  railroad  to  Chicago.  From  Savanna  a  line 
was  carried  along  the  river  to  St.  Paul,  and  thence  by  railroad  to  Duluth, 
while  a  line  along  the  Missouri  River  connects  St.  Louis  witli  Kansas 
City  and  Sioux  City.  Various  details  in  the  methods  were  changed 
from  time  to  time,  but  in  general  the  following  description  applies: 

Kern  levels, — Wooden  rods  graduated  to  0-01™  and  read  by  their  wires 
to  O'OOl™  (estimated);  no  target;  kept  vertical  by  circular  level;  foot 
plates  and  pins,  but  in  general  foot  plates;  spur  on  base  of  rod  some 
times  a  i)lane  surface  sujiported  on  a  spherical  knob  in  a  socket  on  the 
plate,  and  at  other  times  a  spur  ending  in  a  rounded  point  supported 
in  a  socket  on  plate.  Conclusion  reached :  "  If  but  one  kind  of  support 
is  to  be  used  under  all  conditions,  foot  plates  are  preferable." 

Linen, — In  general  two  lines  in  opposite  directions  by  different  observ- 
ers. Tents  were  used  to  shade  and  protect  the  instrument.  Observa- 
tions usually  made  from  G  to  8  a,  m.  and  from  4  to  7  p.  m.,  and  never 
during  the  middle  of  the  day  except  in  cloudy  weather.  Corrections 
applied  to  rod  readings  for  inclination,  collimation,  inequality  of  col- 
lars, and  absolute  length  of  rod.  Progress  about  3  kilometres  per 
working  day. 

Cost. — Biloxi  to  New  Orleans,  87  miles,  $32  per  mile;  Keokuk  to  Ful- 
ton, 171  miles,  $19  i>er  mile;  not  given  for  other  parts  of  line. 

An  elaborate  mathematical  discussion  of  the  results  has  been  made 
by  Assistant  Engineer  L.  L.  Wheeler,  who  deduced  the  following 
conclusions : 

1.  The  results  of  leveling  may  be  affected  by  cumulative  errors,  which 
vary  with  different  observers  and  do  not  always  remain  constant  with 
the  same  observer. 

2.  The  mean  of  several  results  obtained  by  the  same  or  different 
observers  may  require  a  considerable  correction. 

3.  That  these  cumulative  errors  are  nearly  jjroportional  to  the  dis- 
tances leveled  and  in  some  cases  are  independent  of  the  nature  of  the 
ground,  the  direction  in  which  the  work  is  done,  the  season,  or  the  man- 
ner of  supporting  the  rods. 

S.  Ex.  19,  pt.  2 21 
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4.  That  ill  order,  so  far  as  imssible,  to  eliiiiinate  the  effect  of  such 
errors  each  observer  should  duplicate  his  own  work  in  opposite  direc- 
tions under  the  same  conditions. 

5.  That  long  lines  of  levels,  even  if  leveled  in  duplicate,  should  be 
indisputably  checked. 

Mr.  Wheeler  also  discusses  personal  errors  of  different  observers  in 
a  very  elaborate  manner,  and  assigns  the  following  values  for  those 
engaged  on  the  work : 

Personal  errors  of  a  single  observation — 

mm. 
J.  A.  Paige       A-  4-27 

A.  D.  Frost  4-14 

E.  H.  Sankey        2-66 

.7.  B.  Johnson        .*V07 

(See  i>ages  2551  and  2552,  Report  Chiel'  of  Engineers,  1884.) 

While  we  may  not  indorse  these  conclusions,  they  seem  to  be  very 
imx)ortaut  in  considering  the  character  and  ac;curacy  with  which  the 
work  was  done,  as  they  are  the  deliberate  utterances  of  one  who  helped 
make  the  observations  and  afterwards  discussed  the  results. 

The  instruments  and  methods  used  in  the  Coast  Survey  are  described 
in  Appendixes  Xos.  15  and  16,  Iteport  for  1879.  This  method  of  observ- 
ing has  been  followed  since  the  beginning  find  the  instruments  at  pres- 
ent in  use  are  essentially  the  same,  but  many  of  the  details- have  been 
changed,  as  experience  suggested. 

Weight  of  instrument,  23  pounds.  The  glass  diaphragm  has  been 
replaced  by  spider  lines.  The  vertical  axis  is  now  entirely  above  the^ 
tripod  head.  The  level  vial  rests  upon  two  points  at  either  end  in  its 
inclosing  tube  and  is  held  in  i)osition  by  a  spring  bearing  on  a  third 
point  at  each  end.  The  striding  level  is  so  constructed  that  it  will 
bear  with  equal  weight  on  each  collar.  Zylonite  bands  have  been 
placed  on  the  telescoi)e,  so  that  it  can  be  revolved  without  touching  the 
metal  with  the  hands.  A  milled  rubber  head  and  zylonite  reailing 
head  have  been  phused  on  the  micrometer  screw.  The  brass  scale  on 
the  rods  is  secured  to  the  brass  boss  at  their  base  and  left  free  to 
expand  upward  only.  The  thermometers  have  been  attached  to  and 
brought,  by  means  of  brass  filings,  in  metallic  contact  with  the  back 
of  the  brass  scale  near  its  center,  and  are  read  through  an  opening  cut 
in  the  wood,  which  is  closed  by  a  brass  slide. 

In  determining  inequality  of  collars  the  telescope  is  adjusted  so  that 
it  will  bear  with  equal  weight  on  each  wye. 

The  field  procedure  has  from  time  to  time  been  as  follows: 

1.  Simultaneous  double  line  in  one  direction  by  the  same  observer. 

2.  Simultaneous  double  line,  alternate  sections  in  opi)osit«  directions, 
by  the  same  observer. 

3.  Simultaneous  double  lines  in  one  direction  in  sections  by  ditrereuti 
obser\ers. 
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4.  Single  lilies  with  two  rods  in  opposite  directions  by  the  same 
observer. 

5.  Single  lines  with  two  rods  in  opposite  directions  by  different 
observers. 

The  present  method  is  a  simultaneous  double  line  by  the  same  ob- 
server in  one  direction,  with  a  (proposed)  similar  check  line  in  the  oppo- 
site direction.  With  these  exceptions,  the  description  in  the  appendix 
referred  to  still  applies. 

The  limit  of  error  adopted  is  5™™  V/c. . 

To  suspend  work  during  the  middle  of  the  day  was  the  exception 
and  not  the  rule. 

In  1892  an  elaborate  series  of  experiments  were  undertaken  under 
the  i>ersonal  direction  of  the  Superintendent  to  investigate  our  system 
of  leveling  as  Avell  as  the  instruments  employed.  These  have  not  been 
Anally  discussexl,  but  they  have  resulted  in  valuable  suggestions  of  a 
practical  nature.  Certain  errors,  the  causes  of  which  are  still  uncer- 
tain, remain  uneliminated.  Improvements  in  the  appliances  are  pro- 
posed, and  it  appears  particularly  desirable  that  the  qualifications  of 
an  observer  be  thoroughly  tested  before  being  intrusted  with  work  of 
this  class. 

RECENT   VyrORK  VyriTH   THE  ENGINEER'S   PRECISE   LEVEL. 

Few  opportunities  offer  in  this  country  for  direct  comparison  between 
the  "wye  level"  and  the  "geodetic  level,''  the  latter  having  l)een 
exclusively  used  upon  closed  circuits  of  the  highest  order;  but  the 
unexpected  accordance  in  the  double  line  of  200  miles  of  State  work 
between  Boston  and  Albany  run  by  an  assistant  of  the  Coast  and 
Geodetic  Survey  with  the  wye  level  during  the  past  season,  the  close 
agreement  at  Springfield  between  the  tidal  planes  brought  by  99  miles 
of  this  work  from  Boston  with  that  brought  by  the  Engineer  Corps  line 
from  Long  Island  Sound,  together  with  the  results  from  many  trials  of 
the  two  tyi)es  over  the  test  circuit  at  Washington,  while  inconclusive, 
all  point  to  a  high  degree  of  precision  with  the  wye  level. 

On  the  line  between  Boston  and  Albany  above  referred  to  an  instru- 
ment which  has  been  named  the  **  engineer's  precise  wye  level," 
designed  by  Buff  and  Berger  in  1892-93,  was  used,  which  may  be  thus 
described : 

A  wye  level  resting  in  a  cradle  suspended  upon  an  axis  at  center  of 
instrument;  micrometer  screw  with  opposing  spring  under  eye  end  of 
cradle.  Telescope  38'"'"  (I^  inches)  clear  aperture,  38'^'"  (15  inches) 
focal  length,  Steinheil  inverting  eyepiece  power  of  35.  Value  of  one 
division  of  the  level  (2""")  equals  7". 

Eods,  wooden,  made  of  white  pine,  T-shaped,  impregnated  with 
paraffin,  graduated  to  feet  and  hundredths,  lower  ends  a  flat  shoe  of 
hard  steel,  target  with  vernier  reading  to  thousandths  of  a  foot,  cross 
levels  on  rod.  The  party  consisted  of  one  observer,  one  bubble  tender, 
and  two  rodmen;   instrument  protected   by   large   umbrella;  duixU\fe 


324         .   U.  S.  COAST  AND  GEODETIC  SURVEY. 

simultaneous  line  in  one  direction  along  a  railroad;  back  and  fore 
si^bt  kept  ec^ual  by  couiitin^^  rails  j  turning  points,  round-beaded 
spikes;  bubble  kei)t  in  center;  instrumental  adjustments  tested  one  or 
more  times  a  da  v. 

Tbe  terminal  benches  were  iit  nearly  the  same  elevation.'  The  sum- 
mit elevation  passed  over  was  1  458  feet.  While  the  two  lineo  cross 
and  recross  ea(!h  other  njnny  times,  they  only  at  one  point  departed  by 
as  mucli  as  12'"'"  and  are  only  3"""  apart  at  tlje  final  bench  mark. 

The  322  kilometres  of  double  line  cost,  including  salaries  and  all  other 
expenses,  less  than  8i'>.5()  i)er  kilometre;  and  in  a  letter  addressed  to 
the  chairman,  published  in  the  Massachusetts  Topographical  Survey 
Rei)ort  of  1893,  Dr.  Mendenhall  says: 

I  have  examined  witli  «^reat  interest  the  profile  of  the  line  of  lev«»lfl  recently  run 
between  Boston,  Mass.,  and  Albany,  N.  Y.  TJio  agrreenient  between  the  two  siinul- 
taueons  lines  is  remarkably  close,  giving  evidence  that  the  whole  is  an  excelleut 
jiieee  of  work.     I  have  recently  tested  the  instrument  and  method  U8e<l  "     * 

and  the  result  is  such  as  to  ;;ive  me  ^reat  c^urideiice  in  the  line.  *     *     i  ^\^y  ,,q|j 

believe  as  long  a  line  has  ever  before  been  run  combining  so  high  a  degree  of  accu- 
racy with  so  small  a  cost. 

Tlie  wye  level  is  used  by  Dr.  Jordan  in  the  Prussian  work,  and  Pro- 
fessor Boersch,  who  has  had  njuch  experience,  atler  a  careful  discussion 
of  the  precise  methods,  says  (Zeitschrift  fiir  Vermessungswesen) : 

From  all  of  the  aforesaid  it  app«*ars  that  with  the  expenditure  of  great  care,  labor, 
and  cost  no  bett^^r  results,  but  only  the  appearance  of  a  so-called  scientific  treatment 
of  the  subject,  can  be  shown.  The  simpler  the  method  of  observation,  and  the  fewer 
the  iigures  requireii  without  decre;wiug  the  accuracy,  the  better  results  one  will 
obtain  and  the  less  will  ou<»  be  exposed  to  observation  and  computation  errors.  It 
remains,  therefore,  always  preferable  in  field  ohservatious  where  the  tripo<l  is  used  to 
employ  bubbles  which  come  to  rest,  and  which,  during  the  pointing  upon  the  rod 
through  the  telescope,  can  be  maintained  in  the  middle  of  the  level  scale  by  an  ordi- 
nary assistant,  whose  services  are  required  anyway. 

The  same  author,  in  the  sanje  w(»rk,  says  in  regard  to  a  *M)ubble 
tender": 

It  only  remains,  afti-r  what  has  l»c4*n  said,  to  provide  an  additional  observer  for  the 
reading  of  the  level.  There  will  always  be  a  man  among  the  laborers  employed  iu 
the  work  who  can  be  trained  to  keep  in  the  middle  the  bubble  of  a  less  sensitive 
level,  be-sides  performing  the  duties  of  an  instrument  carrier. 

He  also  objects  to  a  mirror  on  the  ground  of  x>arallax  and  strain  to 
the  observer's  eyes.  In  a  hiter  number  of  this  publication  the  follow- 
ing appears: 

Professor  Boersch  advocates  "     the  use  of  a  secoml  assistant  for  tending 

th«^  bubble  during  the  observation  on  tlu^  hmI.  In  this,  one  is  free  from  the  li>potli- 
esis  that  the  movement  of  the  instrument  is  proportional  to  the  time  of  the  observa- 
tions. *  *•  -  This  uietlio<l  was  used  in  the  Havarian  leveling  when  the  wind  wiuj 
high. 

The  writer  then  calls  attention  to  the  effect  ui)on  the  level  in  the 
change  of  center  of  gr.ivity  of  the  observer  while  leveling,  even  though 
he  does  not  ''change  the  position  of  his  feet'-. 
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DETACHED   POINTS. 

THIGON'OMErUICAL   LKVKI.IXti. 

Altbougli  for  the  determination  of  differences  of  elevation  no  method 
presents  itself  which  equals  in  precision  that  of  the  more  delicate  forms 
of  leveling  instruments,  there  are  others  which  for  the  determination 
of  the  elevations  of  detiu^.hed  points  offer  decided  advantages,  and  some 
of  which  produce  results  of  a  degree  of  accuracy  sufficient  to  meet 
many  of  the  objects  for  which  data  of  this  class  are  sought.  These 
are  included  under  two  heads,  viz: 

1.  By  angles  of  elevation  and  depression  of  points  between  which  the 
, distance  is  known ;  and 

2.  By  observations  of  the  relative  prei:$sure  of  the  atmosphere. 

The  first  have  mamly  been  employed  in  connection  with  schemes  of 
triangulation  which,  consisting  of  lines  of  known  length  connecting 
intervisible  points,  offer  the  most  favorable  conditions.  When  the 
absolute  difference  in  elevation  betwcicn  the  instrument  and  any  other 
visible  point  is  known,  and  all  the  objects  to  be  observed  are  in  nearly 
the  same  horizontal  plane,  they  may  be  determined  with  a  good  degree 
of  accuracy  by  means  of  micrometric  differences,  the  value  of  the 
results  depending  upon  the  accuracy  of  the  pointing,  stability  and 
perfection  of  adjustment  of  the  instrument  and  the  difference  of  refrae- 
tion  in  any  two  lines  at  the  time  of  their  observation.  In  the  cases  of 
objects  beyond  the  range  of  the  micrometeiT  screw,  or  when  the  eleva- 
tion of  only  one  point  is  known,  recourse  nuist  be  h<ad  to  the  vei^tical  cir- 
cle for  the  determination  of  the  double  zenith  distance  or  to  the  spirit 
level  in  cx)nnection  with  a  vertical  arc  for  the  measurement  of  the  angle 
of  elevation  or  depression.  In  either  of  these  cases  errors  of  gradua- 
tion, etc.,  and  the  un(;ertainty  in  amount  of  vertical  refraction  must  be 
added  to  those  mentioned  as  affecting  the  results  from  micrometric 
differences. 

While  the  very  excellent  experiments  already  made  for  the  determi^ 
nation  of  vertical  refraction  have  taught  geodesists  much,  they  serve 
rather  to  XH>int  out  the  great  changes  to  which  it  is  subject  than  to  give 
C/Onfidence  in  our  ability  to  apply  an  adequate  correction.  The  proba- 
ble error  in  the  determination  of  a  single  point,  as  derive<l  from  the 
adjustment  of  large  figures,  is  still  considerable,  ranging  from  Os*39'"  to 
2'95'";  yet  the  law  of  compensation  seems  to  hold  good,  and  the  differ- 
ence in  elevation  between  widely  separated  terminals,  as  determined 
by  vertical  angles  extending  through  a  scheme  of  triangulation,  differs 
but  little  from  the  results  by  the  more  precise  methods.  We  may  cite 
the  work  iicross  California,  !N^evada,  and  Utah,  some  eight  figures,  cover- 
ing about  1  OUO  or  1 100  kilometres,  where  the  height  of  Ogden,  as 
determined  by  trigonometrical  leveling  (double  zenith  distances  on  ten 
or  more  days  at  each  station),  agrees  with  that  derived  by  Gannett 
from  railway  levels  within  4'27'",  and.  that  acros:;  the  State  of  New 
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York  from  Albany  to  Osweg^o,  six  figures,  coveriug  some  240  kilome- 
tres, where  the  difference  in  elevation  as  determined  by  the  trigonomet- 
rical method  (observations  on  some  five  days  at  each  station)  agrees 
with  the  result  of  the  double  line  of  levels  by  the  United  States  Engi- 
neers within  2*37™. 

Colonel  Walker  (Vol.  I,  p.  103,  Report  G.  T.  S.  of  India,  1870)  gives 
the  following  results  of  comparisons  between  spirit  levels  and  trigono- 
metrical heights  derived  tlirough  long  chains  of  triangles,  viz : 

From  Karachi  to  Attok,  706  miles,  difference  — 3-2  feet 

Attok  lo  Dehra  Doon,  416     "  **  +5' 

Dehra  Doon  to  Sironj,  429     **  "  -}"  *'^ 

Karachi  to  Si ronj,  669     *'  *'  -j-2"i 

Sironj  to  Calcutta,  680     *'  "  —4-6 

All  of  these  exami>les  are  from  mountain  work;  in  the  first  case  with 
points  of  great  elevation  and  extremely  long  lines  and  in  the  latter 
points  of  moderate  height  and  lines  of  moderate  length.  In  both 
results  the  effect  of  differences  of  refraction  and  error  from  deflection 
of  the  plumb  line  remains. 

On  the 39th  parallel  trigonometrical  survey  in  western  Missouri  occurs 
a  case  which  offers  a  particularly  good  opportunity  for  the  examina- 
tion of  results  in  a  rolling  country.  In  that  work  the  scheme  coincided 
so  nearly  with  the  transcontinental  line  of  precise  levels  that  nine  con- 
secutive points,  covering  some  185  kilometres  and  forming  the  north- 
ern line  of  the  scheme,  were  determined  with  the  spirit  level,  and  a 
comparison  of  the  results  by  the  two  methods  shows  at  no  i^oint  a  dif- 
ference of  more  than  0-6'"  and  a  final  error  between  terminals  of  only 
0*3".  In  this  work  the  practice  was  to  observe  on  five  days  at  each 
station  the  double  zenith  distances  of  two  points,  and  the  difterence  in 
elevation  between  these  and  between  all  other  visible  points  was  deter- 
mined by  micrometric  differences  measured  on  six  days. 

In  computing,  the  micrometric  differences  seem  to  have  been  taken  as 
a  standard  and  the  zenith  distances  made  to  conform  to  them. 

The  methods  and  instruments  to  be  adopted  in  this  class  of  work  will 
depend  upon  the  degree  of  accuracy  sought,  and  this  upon  the  objects 
to  which  the  resnlts  are  to  be  applied. 

It  would  appear  from  what  has  gone  before  that  any  of  the  methods 
mentioned  produce  results  sufficiently  accurate  for  the  use  of  the  geog- 
rapher, and  the  better  ones  for  the  determination  of  bench  marks  for 
the  topograijher.  To  what  extent  they  may  in  the  future  be  required  or 
applicable  to  the  elucidation  of  physical  i)roblems  does  not  appear;  but 
since  the  difference  in  cost  as  between  the  rough  and  refined  methods 
will  rarely  amount  to  more  than  1  per  cent  of  the  expense  of  field  opera- 
tions of  parties  in  which  vertical  measures  c<mstitute  a  very  inconsid- 
erable part  of  the  duty,  it  would  seem  to  be  good  policy  to  maintain  a 
standard  high  enough  to  meet  any  requirements  of  the  future. 
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The  determination  of  differences  of  elevation  by  observations  of 
atmospheric  pressure  is  often  convenient,  and  at  times  the  only  method 
available.  The  results  from  a  hmited  number  of  observations  for 
widely  separated  points  can  not,  however,  be  depended  upou  within 
some  hundreds  of  feet,  and  in  a  mountainous  country  are  very  unre- 
liable for  even  moderate  distances.  This  is  asi<le  from  errors  of  obser- 
vation of  phenomena  within  our  reach,  which,  with  our  present  instru- 
ments and  knowledge,  are  very  great,  and  arise  from  atmospheric 
disturbances  of  a  more  or  less  local  nature,  the  conditions  in  neighbor- 
ing valleys  rarely  being  the  same,  and  during  rapid  changes  often  very 
different  on  different  slopes  and  in  different  parts  of  the  same  valley. 
As  i)ointed  out  by  Ferrel,  a  cyclonic  disturbance  not  sufficient  to 
amount  to  a  storm  may  produce  a  variation  in  the  barometric  gradient 
between  points  a  few  hundred  miles  apart  amounting  to  100  feet  or 
more,  and  Williamson's  computations  of  the  difterence  of  daily  results 
for  elevation  during  the  year  18(>2  between  St.  Bernard  and  Geneva 
(some  50  kilometres)  show  errors  as  great  as  <»0'"  for  a  single  day,  the 
determination  after  forty  years  of  most  careful  observations  under  M. 
Plantamour  being  2*7"*  in  error. 

The  results  from  careful  observations  in  this  country,  ranging  from 
one  to  six  years,  give  resulting  errors  of  from  16  to  .'^7  feet,  but  with 
contrary  signs,  so  that  there  seems  no  reason  to  doubt  the  constants 
used  in  tlie  reductions. 

It  behooves  us,  however,  to  consider  the  relative  degree  of  accuracy 
of  the  several  instruments  employed  for  the  purpose  and  the  degree 
and  conditions  of  their  usefulness.  There  are  a  few  rules  which  apply 
when  only  a  limited  number  of  observations  can  be  taken,  what- 
ever instrument  is  used,  and  which  should  be  borne  in  mind  by  the 
observer,  viz: 

Observations  should  be  made  at  such  hours  as  give  most  nearly  the 
mean  temperature  of  the  day,  or,  better,  of  the  month. 

Observations  should  not  be  taken  when  there  is  fog  or  mist. 

In  computing  results  it  is  desirable  to  use  the  normal  temperature 
of  the  vicinity  of  the  lower  station  if  obtainable. 

The  observations  should  be  sinuiltaneous  Avhen  practicable. 

The  mercurial  barometer  in  its  most  improved  form  was  probably 
until  a  late  date  the  most  suitable  instrument  at  cmr  command  for  the 
determination  of  atmosphere  pressure,  and  from  its  simplicity  and  the 
ease  of  its  manipulation  must  always  be  a  favorite,  but  for  work  in  a 
rough  country  the  extreme  care  required  in  transporting  it  is  a  s<»rious 
drawback.  The  marked  advance  in  our  knowledge  of  thermometry 
within  the  last  decade,  however,  suggests  possibilities  from  observa- 
tions of  the  boiling  point  which  equal  and  may  surpass*  in  accuracy 


^  See  Von  Jordan :  '*  Vergleich  z  weier  Siede-Thermonieter  ml  t  Quecksilber-Baroiiie- 
ter,'  Zeitschnft  fiir  Instrnnienten  kunde,  Jahrg.  1890,  S.  341-347.  Heruer  ''Sicde 
Thermometer  und  Queckailber  Barometer/'  Zeitschrift  fiir  VermessuugavTeseu,  Bd  21 
(1892),  8. 30-31. 
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the  results  obtained  with  the  barometer,  and  in  view  of  the  greater 
portability  of  the  apparatus  required  it  seems  desirable  that  its  use  be 
encouraged. 

The  aneroid  barometer  is  essentially  portable,  but  unfortunately  this 
is  true  only  as  regards  the  integrity  of  its  several  parts  and  not  of  the 
instrument  as  a  whole,  since,  while  it  will  survive  very  rough  usage,  the 
relations  of  its  ])arts  are  so  easily  disturbed  as  practically  to  produce  a 
different  instrument.  The  magnitude  of  these  changes,  and  the  ten- 
dency of  the  parts  to  resume  given  relations,  differs  very  widely  in 
aneroids  from  the  same  maker  and  intended  to  be  of  the  same  class. 

This  results  from  mechanical  defects,  but  so  minute  and  so  hard  to 
trace  that  to  correct  them  would  magnify  the  cost  of  construction 
beyond  all  bounds.  Thus  it  hapi)ens  that  one  which  gives  excellent 
results  in  the  comj)aring  room  may  prove  utterly  worthless  in  the 
field.  It  is,  however,  so  extremely  useful  for  purposes  of  reconnais- 
sance that  it  well  repays  the  labor  bestowed  in  testing  it  under  the 
conditions  actually  occurring  in  the  field  work  on  which  it  is  intended 
to  be  used.  With  a  well-selecf/ed  instrument,  carefully  handled,  pro- 
files may  be  traced  in  a  moderately  Hat  or  rolling  country  with  sufti- 
cient  accuracy  for  all  purposes  of  reconnaissance;  and  how  well  it  may 
be  relied  up<m  for  the  determination  of  accidents  of  surface  where  a 
sufficient  numberof  controlling  points  are  available  is  amply  shown 
by  very  characteristic  topographic  maps  produced  by  this  method  by 
the  Geological  Survey. 

In  concluding  this  report,  and  after  examining  accounts  of  work  of 
the  various  kinds  and  in  the  several  countries  referred  to,  your  com- 
mittee beg  to  present  the  following  as  their  conclusions,  viz: 

That  trigonometric  heights,  when  observed  during  the  hours  of  mini- 
mum vertical  refraction  and  under  varying  atmospheric  (conditions, 
can  be  obtained  with  a  sufficient  degree  of  ac^curacy  to  make  them  valu- 
able for  many  purposes,  and,  when  not  impracticable,  their  determination 
should  form  i)art  of  the  work  at  all  triangulation  stations. 

For  this  purimse  there  is  suggested  a  new  form  of  instrument  or  such 
changes  or  additions  to  those  now  in  use  as  will  ])erniit  of  the  measure- 
ment of  micrometric  differences  of  larger  arcs  than  is  possible  with  the 
micrometric  eye  piece  attached  to  our  theodolites,  and  of  the  convenient 
use  of  a  delicate  level  in  connectiim  with  it.  The  gradienter  as  now 
constructed  seems  in  a  great  measure  to  fnltill  the  requirements  for  short 
lines,  but  the  optical  power  is  too  low  for  use  over  long  ones,  and  other 
improvements  seem  possible. 

That  with  modern  thermometers  and  methods  the  atmospheric  pres- 
sure may  be  determined  by  observations  of  the  boiling  point  with  a 
l)recision  equal,  if  not  superior,  to  that  obtained  with  the  less  portable 
mercurial  mountain  barometer,  and  for  purposes  of  exploraticm  their  use 
is  recommended. 

That  the  standard  bench  marks  throughout  the  ('ountry  should  be 
'letermlned  with  the  greatest  degree  of  accuracy  attiunable. 
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That  subsidiary  lines  may  be  leveled  by  less  precise  methods. 

That  if  ii[K)n  investigation  it  shall  appear  that  less  elaborate  methods 
or  instruments  than  those  now  employed  on  the  Survey  will  by  the 
use  of  small  circuits  produce  satisfactory  results,  with  an  increase  of 
economy,  purely  theoretical  considerations  should  not  prevent  their 
adoption. 

That  the  leveling  instruments  at  present  in  use  on  the  Survey  seem 
as  perfect  us  any  yet  <levised,  but  the  use  of  prisms  by  which  the  level 
may  be  read  without  removing  the  eye  from  the  eyepiece  appears  to 
be  desirable,  and  we  would  recommend  that  one  of  the  French  instru- 
ments to  which  they  have  been  applied  be  procured  for  experimental 
purposes. 

That  the  level  should  have  a  value  of  about  2"  to  a  millimetre. 

That  a  watch  level  or  some  other  device  is  desirable  to  facilitate  the 
preliminary  rough  leveling  of  the  instrument. 

That  the  rods  be  frequently  compared  in  the  field  with  a  standard. 

That  if,  as  seems  possible,  wood  can  to  a  great  degree  be  protected 
against  hygrometric  chfinges,  it  is  preferable  to  metal  for  leveling  rods. 

We  recommend  a  plane  surface  for  the  terminal  of  the  rods,  and  the 
use  of  foot  plates  with  hemispherical  centers  for  supporting  the  rods, 
and  retaining  walls  to  prevent  any  undue  lateral  movement. 

The  scale,  if  of  metal,  should  be  protected  from  rapid  changes  of 
temperature  due  to  varying  positicm.  It  should  be  thin  enough  to  re- 
spond quickly  to  changes  in  temperature,  of  a  form  that  will  secure 
the  requisite  rigidity,  and  so  arranged  as  to  be  readily  compared  with 
a  standard. 

If  wooden  rods  are  to  be  used,  the  measuring  i)ortion  should  be  care- 
fully selected,  homogeneous,  straight-grained,  thoroughly  seasoned 
wood  of  the  pinus  family.  It  should  be  carefully  impregnated  with 
paraffin  and  i)erfectly  coated  to  protect  it  from  moisture  as  far  as  pos- 
sible. It  should  be  so  attached  to  the  supporting  rod  as  to  secure  pro- 
te(*tion  from  abrasion  of  the  surfaces  and  with  an  air  space  sufficient 
to  prevent  direct  contact  or  the  harboring  of  moisture.  Certain  of  the 
graduations  might  be  marked  by  lines  on  metal  pins  embedded  in  the 
wood.    The  face  of  the  rod  should  be  over  the  center  of  support. 

The  target,  if  one  is  used,  and  its  advisability  seems  questionable, 
should  travel  as  nearly  as  may  be  along  a  line  passing  through  the 
center  of  support  of  the  rod,  and  carry  a  vane  by  which  the  observer 
at  the  instrument  may  assure  himself  of  the  rod's  verticality. 

The  rod  level  should  be  placed  at  angles  of  45^  with  the  face  of  the 
rod  and  as  near  together  as  possible. 

Notes  on  observed  cases  of  abnormal  refraction  in  lines  passing  near 
the  ground,  which  emphasize  the  possibility  of  errors  from  this  source, 
are  given  below. 

Frank  \V alley  Perkins.  Chairman. 
F.  A.  Young,  Secretary. 
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MEMORANDUM  FOR  THE  USE  OF  THE  COMMITTEE  ON  HVPSOMETUY. 

1  offer  the  following  evidences  of  local  refraction  close  to  the  surface 
of  the  ground,  believing  that  one  of  the  principal  sources  of  errors  in 
leveling  arises  from  that  condition. 

San  Pedro  Base  Line — 185S. 

In  measuring  this  base  an  aligning  flag  was  sent  forward  about  2(H) 
yards,  and  in  trying  to  i)lace  it  in  line  it  ai)peared  and  disappeared  and 
changed  place  in  such  a  curious  and  irregular  manner  that  I  personally 
went  forward  to  ascertain  the  cause.  As  I  approached,  the  flag  that  I 
had  seen  disappeared,  and  it  was  lying  upon  the  ground  and  had  been 
during  the  confused  signals..  The  aid  had  misunderstood  my  signals, 
which  he  said  were  very  confusing,  and  had  stepped  aside.  As  I 
returned  to  the  base  the  flag  again  reappeared  in  the  air  to  the  height 
of  about  4  or  5  feet.  On  these  plains,  in  the  preceding  DecuMuber,  1  had 
witnessed  remarkable  effects  of  mirage  at  midday. 

On  the  base-line  site  at  Port  Townsend,  in  J  854,  a  target  4  feet  square, 
standing  on  the  ground,  was  Jipparently  raised  by  local  refraction  more 
than  its  height,  as  seen  from  a  distance  of  250  yards. 

Yolo  Bam  L\m^—lS81. 

When  the  party  was  going  out  to  work  one  morning  there  was  a  beau- 
tiful exhibition  of  mirage  ahead  of  us,  wherein  all  objects  were  lifted  up 
into  the  air. 

We  drove  into  and  through  this  warm  stratum  of  air,  and  when  in  it 
saw  the  mirage  eft'ects  all  around  us. 

Lo8  Angeles  Base  Line — 1889. 

In  driving  to  work  we  frequently  came  into  streaks  of  quite  warm 
air  and  then  into  streaks  of  quite  cold  air.  On  diflereut  mornings,  in 
passing  over  the  same  depressions,  the  temi)eratures  were  not  relatively 
the  same. 

San  Francittro. 

On  some  of  the  streets  of  San  Francisco  the  exhibition  of  mirage  is 
so  marked  that  it  has  been  illustrated  in  the  newspapers.  And  uj)on 
Washington  street,  near  the  Lafayette  Park  Astronomical  Station, 
where  the  block  is  nearly  level,  with  a  decline  at  each  end,  1  frequently 
see  the  mirage  along  the  whole  block  as  my  line  of  vision  reaches  the 
height  of  the  street. 

There  can  be  no  doubt  that  such  conditions  would  give  very  wild 

leveling  results;  and  it  naturally  suggests  that  abnoinml  conditions  of 

the  surface  layer  of  air  may  not  be  visible,  yet  the  eft'ects  be  inimical 

to  good  results. 

GEORiiE  Davidson. 
February  11, 1894. 
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REPORT  OF  COMMITTEE  F,  ON  ALASKA. 

The  extraordinary  growth  of  this  but  partially  explored  territoryy 
with  its  valuable  resources  ou  laud  aud  the  almost  Jimitless  wealth  in 
its  waters,  demands  greater  attention  than  has  heretofore  been  accorded 
it  and  makes  it  imperative  that  general  and  comprehensive  aids  to  its 
navigation  and  commerce  be  supplied. 

This  vast  region  contains  about  600  000  square  miles,  being  about 
twelve  and  a  half  times  the  area  of  the  State  of  New  York.  It  has 
approximately  26  000  miles  of  shore  line,  which  exceeds  that  of  the 
Atlantic,  Pacific,  and  Gulf  coasts  by  over  11200  miles,  while  the 
islands  along  its  coast  are  estimated  to  be  1 100  in  number.  A  course 
parallel  with  the  trend  of  its  shore  from  Cape  Muzon,  its  most  southerly 
point,  to  Point  Barrow,  its  most  northerly  one,  is  about  2  800  miles. 
The  Aleutian  chain  of  islands  is  about  1 100  miles  long,  and  Attn,  the 
most  westerly  one  of  this  group,  is  about  2  200  miles  west  of  Sitka. 

There  are  immense  forests  in  Alaska,  densely  <*overiiig  every  part  of 
the  country  and  climbing  steep  mountain  sides  to  heights  of  2  000  and 
2  500  feet  above  sea  level,  and  which  extend  as  far  west  as  Kadiak 
Island,  being  a  continuous  stretch  of  a  thousand  miles. 

They  consist  mainly  of  spruce,  hemlock,  and  cedar,  one  variety  of 
the  latter,  the  yellow,  being  very  valuable  in  the  construction  of  small 
vessels  on  account  of  its  durable  qualities. 

The  commerce  of  Alaska  is,  and  doubtless  always  will  be,  carried  on 
by  water,  owing  to  the  peculiar  formation  of  the  country;  and  being  so 
varied  and  largely  conducted  by  nonresidents  and  by  vessels  hailing 
from  so  many  different  ports,  it  is  diflBcult  to  obtain  an  exact  idea  of 
its  extent.  The  internal  commerce  is  carried  on  through  about  126 
agencies,  located  in  104  towns  and  settlements  situated  along  its  coast 
and  among  its  islands. 

The  exports  consist  mainly  of  furs,  ivory,  Indian  curios,  gold  and 
silver  bullion  and  ore,  and  the  products  of  the  whale,  cod,  and  salmon 
fisheries. 

During  the  earlier  occupancy  of 'the  country  its  commerce  depended 
almost  exclusively  on  the  lur  trade;  but  sinceother  industries  dependent 
uixni  the  actual  necessities  of  man  sprang  up;  this  important  factor, 
although  of  great  value,  has  already  fallen  to  a  third  place  in  importance. 
From  1868  to  1891  the  total  value  of  the  furs  exported  is  estimated  at 
$50 124  500,  and  the  annual  yield  for  the  last-mentioned  year  amounted 
to  about  $1  605  000. 

In  1892  there  were  sixteen  gold  and  silver  mines  in  operation,  and  up 
t-o  that  date  the  total  outi)ut  amounted  to  about  $6  000  000.  The  traflic 
dependent  upon  the  necessities  of  the  small  army  already  engaged  in 
this  comparatively  new  enterprise  is  considerable,  and  will  undoubtedly 
increase. 

The  salmon  industry  commenced  in  1878,  and  from  that  date  up  to 
1890  the  pack  had  amounted  to  89  612  000.    Iii  1^1%\Xifc  fso.XlYt^^^^^^^'^ 
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was  valued  at  $59  416,  while  that  of  1890  wa«  $2  731  000.  The  salmon- 
canning  industry  of  this  country  is  conihied  to  the  waters  of  California, 
Oregon,  Washington,  and  Alaska.  In  years  past  the  Columbia  River 
has  been  the  principal  source  of  sux>ply,  but  the  run  in  all  the  sections 
south  of  British  Columbia  has  become  smaller  from  year  to  year.  In 
the  year  1887  the  total  piick  for  the  entire  Pacific  Coast  was  969  2(X) 
cases,  of  which  the  Columbia  Kiver  furnished  430  000.  In  1890  the 
output  of  the  western  coast  was  about  I  223  955  cases,  of  which  Alaska 
alone  furnished  688  322,  or  more  than  half  the  entire  product  of  the 
United  States.  The  capital  iuA^ested  in  the  Alaska  salmon  fisheries, 
including  permanent  improvements,  vessels,  etc.,  is  souiething  more 
than  $4  000  000.  There  were,  in  1890,  37  canneries  between  Dixon 
Entrance  and  Brisud  Bay  (25  of  which  are  west  of  Sitka),  and  about 
6000  persoQS  were  employed  during  the  fishing  season,  using  66  vessels 
for  the  purpose. 

Judging  from  the  rate  of  increase  during  the  past  ten  years  and  the 
enormous  field  yet  to  be  developed,  the  commerce  depending  upon  this 
single  industry  will  be  one  of  the  most  notable  interests  of  the  Pacific 
Coast.  Three-fQurths  of  it  is  now  beyond  the  region  reconnoitered,  and 
is  rapidly  crowding  north wai*d  into  uncharted  localities  enormously  rich 
in  fish.  It  is  interesting  to  note  that  the  two  newer  industries,  mining 
and  salmon  fishing,  have  grown  so  rapidly  that  while  in  1880  both  these 
industries  were  insignificant  and  completely  overshadowed  by  the  fur 
trade,  by  1890  their  ]>roduct«  amounted  in  value  to  $15  000  000,  or  more 
than  twice  the  purchase  price  of  the  territory. 

The  Pacific  and  Arctic  whaling  catch,  though  not  confined  strictly 
to  Alaskan  waters,  is  conducted  by  American  vessels,  and  all  but  a  very 
small  percentage  of  it  is  secured  in  waters  contiguous  to  the  Alaskan 
coast.  The  total  value  of  oil,  bone,  and  ivory  of  the  catch  between 
1874  and  1890  was  $11 204  465.  There  are  about  50  vessels  engaged  in 
this  industry,  their  port  of  call  being  Port  C/larence.  The  charts  of  the 
tracks  and  rendezvous  of  these  vessels  are  simply  compilations  of  early 
explorations,  vcTy  crude  and  inac<*urate. 

Of  the  food  lish  of  Alaska,  the  c(Kllish  stiind  next  in  commercial  im- 
l)ortance  to  the  salmon.  The  eastern  part  of  Bering  Sea  is  a  great 
reservoir  of  cod,  and  the  area  within  the  limits  of  50  fathoms  depth  is 
no  less  than  IHOOO  square  miles.  In  this  sea  fishing  must  be  done,  as 
it  is  oflf  ^Newfoundland,  without  harbors  of  refuge,  but  in  a  much  less 
depth  of  water.  The  fishing  banks  along  the  south  shores  of  the  Aleu- 
tian chain  will  luld  about  45  000  more  square  miles,  making  a  total  of 
63  000  square  miles,  this  being  about  four  times  the  area  of  the  banks 
in  the  region  of  Newfoundland.  Though  over  twenty  years  haveelapse<l 
since  the  inception  of  this  industry,  it  must  still  be  considered  in  its 
infancy.  The  value  of  the  catch  during  the  last  twenty-seven  years 
has  amounted  to  about  $8  900  000.  It  is  carried  on  without  regard  to 
the  abundant  supply,  but  solely  in  accordance  with  the  demands  of  the 
local  and  limited  market  on  the  Pacific  coast  of  America. 
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It  is  evident,  with  the  numerous  transcontinental  railways,  with  the 
increasing  population  aloni;  their  lines  and  growing  tributaries,  that 
the  demand  will  constantly  and  permanently  increase,  so  that  this  inter- 
est will  alone  crowd  the  waters  of  the  Gulf  of  Alaska  and  Bering  Sea 
with  sails. 

The  shores  contiguous  to  these  fishing  grounds  and  the  waters  cov- 
ering them  are  imperfectly  and  incorrectly  delineated  on  the  compiled 
charts,  handed  do^vn  to  us  principally  from  the  early  Eussian  explorers, 
and  should  be  corrected  to  conform  with  the  demands  of  modern  navi- 
gation at  as  early  a  date  as  possible.  Although  the  fishing  for  halibut, 
herring,  etc.,  is  at  present  only  for  local  consumption,  these  industries 
are  capable  of  wonderful  development. 

The  value  of  merchandise  shipped  to  Alaska  from  Pacific  Coast  ports 
from  1868  to  1890  amounted  to  $15  504  086,  while  during  the  same  period 
the  exports  amounted  to  $75  213  1)29.  During  1880  the  merchandise 
received  from  Pficific  Coast  i)orts  was  valued  at  $463  226,  while  during 
1890  it  amounted  to  $1  635  494,  showing  a  gain  of  nearly  300  i)er  cent 
in  amount  in  ten  years. 

During  the  period  from  the  time  of  its  purchase,  in  1867,  to  1890  a 
conservative  estimate  of  the  value  of  products  shipped  from  this 
detached  territory  was  about  ten  and  one-half  times  the  price  paid 
for  it. 

It  is  regrettable  that  our  sources  of  information  for  late  Alaskan  sta- 
tistics are  confined  to  the  brief. summaries  of  the  governor's  reiK)rt8,  and 
that  for  a  comprehensive  study  of  all  tlie  wealth-producing  industries 
of  the  territory  we  have  to  go  to  the  imblications  of  the  census  for  1890. 

There  was  considerable  interest  in  this  new  territory  at  the  time  of 
its  purchase  from  Eussia  by  the  treaty  of  June,  1867,  and  Secretary 
Seward  arranged  for  a  geograi)liical  reconnaissance  in  the  summer  of 
that  year  under  the  charge  of  the  Coast  Survey,  from  which  the  first 
Coast  Pilot  of  southeastern  Alaska  was  compiled.  This  work  included 
only  the  more  important  points  from  Dixon  Entrance  to  Unalaska. 

With  the  exception  of  the  astronomical  work  of  1869  and  a  rough 
reconnaissance  by  a  small  party  in  western  Alaska  during  the  summers 
of  1871, 1872,  1873,  and  1874,  nothing  of  imi)ortance  was  accomplished 
until  1882,  when  a  trigonometric  and  hydrographic  reconnaissance  of 
the  inland  waters  of  southeastern  Alaska  was  commenced,  and,  with 
the  excei)tinn  of  one  year,  this  has  been  continued  during  the  summer 
months  to  the  present  time. 

In  the  summer  of  1892  the  longitude  of  Sitka  was  very  satisfactorily 
determined  (chronometrically)  as  a  base  station,  and  during  that  and 
the  succeeding  years  four  other  points  were  equally  well  determined 
from  it  for  the  international  boundary  work  in  the  southeastern  portion 
of  the  territory. 

With  the  foregoing  data  the  conditions  are  favorable  for  carrying  on 
the  triangulation  where  necessary,  and  also  extending  the  astronomical 
work  into  localities  considered  in  immediate  need  oC  \t» 
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A  glance  at  the  ])rogre.s8  sheet  of  southeast  Alaska  shows  that  the 
survey  of  the  inland  passages  is  nearly  completed.  To  finish  it  requires 
a  survey  from  Sitka  northward  through  Peril  Strait,  and  thence  north 
and  south  along  Chatham  Strait  to  join  the  work  of  1879  and  1890. 
This  is  estimated  to  require  two  seasons.  The  survey  of  Icy  Strait, 
Glacier  Bay,  and  Cross  Sound  will  occupy  about  two  seasons  more. 

The  character  of  the  shore-line  work  that  is  now  being  done  in  the 
inland  passages  is  of  a  suflBciently  precise  nature  for  cartographic  pur- 
poses and  furnishes  results  which  supply  all  that  is  at  present  demanded 
in  the  line  of  exactness ;  but  it  is  advisable  that  the  survey  of  the  sections 
completed  before  the  methods  of  work  were  brought  to  their  present 
degree  of  accuracy  should  be  remade  and  that  all  the  work  be  brought 
to  a  uniform  degree  of  worth.  The  topography  on  our  present  charts 
of  the  Inland  Passage  has  not  been  treated  in  the  detail  that  its  impor- 
tance merits.  A  characteristic  representation  of  the  main  topographical 
features  is  of  vital  importance  for  charts  which  are  intended  to  satisfy 
the  demands  of  a  coasting  trade,  and  nowhere  is  this  more  im])ortant 
than  in  a  region  where  the  meteorological  conditions  are  so  bad  as  they 
are  in  Alaska,  often  leaving  the  pilot  dependent  for  a  check  on  his 
position  upon  fleeting  views  of  limited  sections  of  the  land.  It  is  very 
important  that  the  defects  in  this  respect  should  be  supplied  by  a  topo- 
graphical reconnaissance  made  at  as  early  a  date  as  will  be  found 
practicable.  Practically  the  entire  outside  coast,  from  Dixon  Entrance 
to  Cross  Sound,  remains  unsurveyed  excei)t  so  far  as  it  has  been  done 
in  the  rapid  exploratory  work  of  the  early  voyagers. 

In  considering  the  necessity  for  active  prosecution  jind  an  early  com- 
pletion of  the  work  of  surveying  southeast  Alaska,  the  character  of  the 
traffic  to  be  benefited  by  it  must  be  taken  into  account.  Nearly  all  of 
the  carrying  trade  of  southeast  Alaska  is  by  steamers.  The  intricate 
passages,  strong  tidal  currents,  and  deep  waters  render  navigation  by 
sailing  vessels  difficult  and  dangerous.  For  these  reasons,  and  on 
account  of  the  unfavorable  meteorological  conditions,  the  steamers  run- 
ning in  this  trade  are  and  must  be,  even  after  a  complete  survey  has 
been  made,  supplied  with  pilots  having  accurate  local  knowledge  of  all 
the  waters  through  which  they  run.  Numerous  fisheries  and  canneries 
are  already  located  off  the  main  line  of  steamer  travel  on  the  west  side 
of  Prince  of  Wales  and  Baranof  islands,  and  these  are  visited  at  inter- 
vals during  the  season  by  the  regular  steamers  which  carry  supplies 
and  at  the  end  of  the  season  transport  the  pack  to  southern  markets. 
It  needs  no  arguments  to  show  that  wherever  the  ships  of  our  mer- 
chant marine  touch  along  our  coasts  accurate  charts  should  be  provided. 
But  inasmuch  as  in  Alaska  we  have  a  vast  extent  of  shore  line,  of  which 
the  existing  charts  are  poor  and  misleading,  if  not  actually  dangerous, 
and  as  the  work  of  remedying  this  state  of  affairs  must  naturally  be 
protracted  through  a  term  of  years,  it  is  i)lain  that  the  surveys  of  the 
different  sections  should  be  taken  up  in  the  order  of  their  importance. 
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In  contrast  with  the  steam  carrying  trade  of  southeast  Alaska  is  that 
by  sailing  and  steam  vessels  to  the  westward  from  Cooks  Inlet  and 
Kadiak,  along  the  Aleutian  Islands  and  northward  to  the  Arctic.  The 
various  passes  through  the  Aleutian  chain  need  immediate  attention. 
These  are  used  annually  by  the  Arctic  whaling  fleet,  the  supply  ships 
of  the  various  companies  trading  along  the  shores  of  Bering  Sea  and 
supplying  the  interior  by  way  of  the  Yukon  and  other  rivers,  the  cod- 
flshing  fleet,  and  also  by  the  combined  squadrons  of  United  States  and 
British  vessels  that  patrol  and  guard  the  waters  adjacent  to  the  Seal 
Islands. 

Of  all  these  passes  but  three — Unalga,  Akutan,  and  Unimak — are  in 
common  use,  owing  to  the  imperfect  surveys,  and  ships  are  often  com- 
pelled to  go  far  out  of  their  way  to  make  a  known  pass.  Even  in  the 
three  passes  mentioned  we  have  little  knowledge  of  the  velocity  and 
set  of  the  currents. 

Next  in  importiince  is  i)robably  the  vicinity  of  Kadiak  Island  and 
Cooks  Inlet,  wliere  a  large  salmon  industry  has  been  built  up  within  the 
past  ten  or  twelve  years  and  where  surveys  are  very  urgently  required. 

The  Shumagin  Islands  and  the  western  end  of  the  Alaskan  Peninsula 
would  follow  in  the  oriler  of  prominence.  These  regions  have  already 
attained  a  commercial  importance  which  makes  a  new  chart  of  them  a 
pressing  necessity.  Off  the  first-mentioned  islands  the  Albatross  has 
develoi)ed  a  great  codfish  bank  of  4  4()0  square  miles  in  area.  Unga 
is  being  exploited  for  its  mines  of  precious  metals,  and  the  coal  indica- 
tions about  Port  Miiller  were  sutticiently  promising  to  justify  the  Alaska 
Commercial  Company  in  building  a  small  railroad  to  develop  them. 
Thin  Point,  Sand  Point,  Belkovsky,  and  Sannakli  have  long  been  among 
the  most  i>roti table  stations  of  the  Alaska  Commercial  Company,  if  we 
except  those  on  the  Seal  Islands. 

,  As  the  great  avenue  of  communication  with  the  interior  of  the  terri- 
tory, it  is  important  that  the  Yukon,  and  particularly  its  delta,  should 
receive  early  attention.  Without  doubt,  if  a  deep-water  channel  could 
be  traced  through  the  flats,  which  at  present,  on  account  of  our  com- 
plete ignorance  of  the  condition  of  the  mouth  of  the  river,  are  an  insu- 
perable bar  to  the  navigation  through  them  of  any  but  light-draft, 
flat-bottomed  steamboats,  it  would  give  a  tremendous  impetus  to  the 
examination  of  the  great  possibilities  that  we  have  good  reason  to  hope 
exist  in  this  vast  region.  And  there  can  be  no  possible  doubt  of  the 
value  of  the  great  fisheries  that  would  at  once  be  established  here  if  a 
sui  vey  would  show  the  possibility  of  entrance  and  departure  for  the 
vessels  that  would  be  required  for  bringing  up  labor,  material,  and 
supplies  and  taking  away  the  product. 

Our  present  representation  of  the  mouth  of  the  Yukon  is  the  result 
of  the  examination  made  by  a  merchant  marine  captain  in  command  of 
one  of  the  Western  Union  Telegraph  experiment  ships  in  1865.  The 
.astronoxuJi'al  determination  of  Port  Clarence,  the  rendezvous  for  the 
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Arctic  whaling  fleet,  would  be  very  valuable.  At  present  the  only  sta- 
tion available  for  determining  the  chronometer  errors  for  these  vessels 
and  the  Eevenae-Marine  steamers  which  patrol  the  northern  part  of 
Bering  Sea  is  at  Plover  Bay,  in  Siberia,  a  station  established  in  the 
fifties  by  the  English  while  searching  for  traces  of  Sir  John  Franklin's 
expedition.  The  nature  and  period  of  this  determination  predicate  such 
a  low  degree  of  accuracy  for  it,  and  our  interests  in  these  waters  are 
now  so  weighty,  that  any  delay  in  furnishing  one  or  two  improved  iwsi- 
tions  will  subject  our  country  to  a  charge  of  serious  neglect. 

The  continental  shore  line  from  Cross  Sound  to  Cooks  Inlet  is  of  such 
a  nature  and  interest  that  there  seems  to  be  no  immediate  demand  for 
its  survey  for  commercial  purposes  now  that  such  work  has  been  com- 
pleted in  Yakutat  Bay,  the  most  important  locality  along  this  stretch. 

We  conclude  that  the  work  along  the  Aleutian  Islands  and  in  the 
vicinity  of  Kadiak  Island  and  Cooks  Inlet  should  be  undertaken  at  the 
very  eai*liest  opportunity  possible. 

For  this  work  it  is  not  considered  advisable  to  prescribe  or  suggest 
rigidly  defined  methods  of  procedure.  The  wild  character  of  much  of 
the  shore  line,  the  adverse  meteorological  conditions,  and  the  limitations 
which  economical  considerations  put  on  the  completion  of  the  schemes 
suggested  before  a  good  reconnaissance  has  been  made,  are  all  argu- 
ments against  offering  any  minutely  prescribed  plans  for  approval  for 
actual  execution. 

Your  committee  would,  however,  suggest  that  the  degn^e  of  accuracy 
such  as  the  Conference  deems  sufticient  for  tertiary  work  should  be 
considered  satisfactory  for  the  surveys  proposed  in  the  preceding 
paragraphs. 

Certain  general  suggestions  about  methods  of  work  are  offered  as 
follows,  but  they  are  to  be  considered  as  subject  to  the  wide  discretion 
which  we  consider  should  be  allowed  to  the  officers  charged  with  mak- 
ing those  surveys : 

One  of  the  first  considerations  in  the  extension  of  the  survey  west- 
ward to  and  along  the  Aleutian  Islands  is  the  astronomical  determi- 
nations. These  are  of  prime  importance  for  the  reason  that  it  is 
impracticable  to  carry  a  scheme  of  triangulation  along  the  chain,  and 
hence  the  survey  must  be  made  of  the  different  islands  independently 
and  their  relative  position  determined  by  astronomical  operations. 
It  is  suggested  that  along  this  chain  of  islands  the  method  of  longitude 
determinations  by  terrestrial  signals  would  probably  be  feasible,  ac- 
curate, and  also  the  most  economical.  The  islands  are  near  enough 
together  to  allow  such  signals  to  be  exchanged.  For  the  survey  of  the 
separate  islands  base  lines  must  be  located  and  measured  on  each,  and 
its  outline  delineated  by  a  local  survey. 

The  Aleutian  chain  extends  nearly  east  and  west  for  a  distance  of 
about  1 100  miles.  Among  the  islands  making  up  the  group  there  are 
three,  Unimak,  Unalaska,  and  Umnak,  which  are  each  about  60  miles 
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long;  two,  Atka  and  Amlia,  about  40  miles  long;  three,  Adakh, 
Amchitka,  and  Attn,  about  30  miles  long;  three,  Kanaga,  Tanaga,  and 
Kyska,  about  25  miles  long;  four,  Unga,  Sanuak,  Akutan,  and  Agatu, 
about  15  miles  long,  besides  a  host  of  lesser  islets. 

To  control  the  longitude  of  this  chain  it  is  suggested  that  six  stations 
be  determined  chronometrically,  viz,  Kadiak,  Sand  Point,  Unalaska, 
Seguam  Island  (or  some  other  in  the  vicinity  of  Amutka  Pass),  one  of 
the  Hat  Islands,  and  Attu.  This  would  give  a  series  of  stations  along 
the  chain  at  an  average  distance  of  about  300  miles  apart.  Advantage 
might  be  taken  of  the  regular  steamer  running  during  the  summer 
months  from  Sitka  westward  to  establish  one  or  even  three  of  these 
stations  (Kadiak,  Sand  Point,  and  Unalaska)  during  the  coming  season 
if  funds  are  available. 

Having  once  located  the  six  base  stations,  a  single  party  with  proper 
transportation  fa<5ilities  could  rapidly  locate  intermediate  stations  by 
the  exchange  of  signals.  On  the  larger  islands  enumerated  above  two 
or  more  stations,  one  at  either  end  and  the  other  intermediate,  would 
seem  to  be  essential,  and  in  cases  where  it  would  be  impracticable  to 
find  intervisible  points  it  would  probably  be  feasible  to  obtain  results 
by  noting  the  times  of  signals  made  from  a  vessel  located  far  enough 
off  the  island  to  be  visible  from  its  endr»  or  from  the  intermediate 
station;  to  supplement  the  method  by  signals  under  favorable  cir- 
cumstances, and  when  practicable  the  differences  of  longitudes  may 
also  be  determined  from  latitude  and  reciprocal  astronomical  azimuths. 
In  the  high  latitudes  of  the  Aleutian  Islands  this  method  will  give  the 
differences  of  longitude  with  very  great  accuracy. 

No  doubt  the  greatest  obstacle  to  all  surveying  work  in  this  vicinity 
would  be  the  dense  and  persistent  fogs  that  are  so  prevalent,  and,  as 
bearing  on  this  subject,  the  following  table  from  Dall's  Alaska  (p.  44:4), 
will  give  something  of  an  idea  of  the  number  of  favoi  able  days  that 
may  be  expected  during  tlie  months  of  May,  June,  July,  August,  and 
September.  The  table  shows  the  number  of  wholly  clear,  partly  clear, 
and  wholly  cloudy  days  that  occurred  at  Unalaska  during  a  period  of 
seven  years. 


Clear  days 
Partly  clear 
Cloudy 


May. 

June. 

2 

105 
104 

6 

95 
109 

July 


August.    :  September. 


O 
118 

99 


5 
106 

106 


107 

lOI 


This  gives  an  average  of  less  than  one  wholly  clear  day  and  about 
fifteen  each  of  partly  clear  and  cloudy  days  i)er  month.  The  execution 
of  the  work  about  the  mouth  of  the  Yukon  might  be  intrusted  to  a 
party  which  could  be  taken  to  St.  Michaels  by  the  revenue  cutter,  and, 
being  supplied  with  a  steam  launch,  could  be  employed  from  about  July 
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1  to  about  September  13,  and  then  return  on  the  same  vessel,  a  course 
of  procedure  that  wouhl  entail  a  small  cost  to  the  Government. 

For  the  determination  of  Port  Clarence  an  observer  might  go  up 
to  that  point  on  the  revenue  cutt<5r,  and  if  observations  were  being 
made  contemporaneously  at  Unalaska  a  set  of  chronometers  could 
be  taken  from  that  place  on  the  tender  which  visits  Port  Clarence  with 
sui)plies  and  to  receive  the  jiccumulated  bone  and  oil  of  the  whaling 
fleet  about  midsummer,  and  by  comparison  with  the  chronometers, 
checked  by  observations  at  Port  Clarence,  the  longitude  of  this  impor- 
tant station  could  be  determined.  It  is  very  probable  that  the  public- 
spirited  managers  of  the  Pacific  Steam  Whaling  Company  would  give 
such  assistance  to  this  projecjt  that  it  could  be  perfected  at  a  very  small 
expense. 

PROPOSED   SCHEME   OF   TKIANGILATION   FOR   SOUTHEAST    ALASKA. 

In  order  to  properly  connect  and  coordinate  the  work  of  reconnais- 
sance triangulation  that  has  been  carried  on  in  southeastern  Alaska  for 
the  past  twelve  years,  it  is  important  tliat  a  main  system  of  triangula- 
tion slumld  extend  from  Dixon  Entrance  to  Chilcat.  Such  a  system 
would  naturally  extend  ni)  Clarence  Strait  to  Sumner  Strait,  along  Sum- 
ner Strait  westward,  cross  the  Si|utliern  part  of  Kniu  Island  in  the 
vicinity  of  Tebenkof  Bay  to  Chatham  Strait,  thence  up  Chatham  Strait 
and  Lynn  Canal  to  the  head  of  the  latter.  From  this  main  system,  as  a 
base,  secondary  systems  coukl  in  time  be  <'arried  along  the  outside 
const. 

In  executing  the  main  triangulation,  and,  in  fact,  any  triangulation,  in 
southeastern  Alaska,  the  work  must  necessarily  be  carried  along  the 
shore  line  of  the  passages,  and  for  the  following  reasons: 

1.  Owing  to  the  rugged  nature  of  the  country  and  the  dense  under- 
growth of  the  forests  that  cover  it,  it  would  involve  too  great  an  expendi- 
ture of  time  and  money  to  attempt  to  carry  a  triangulation  ajong  the 
mountain  tops. 

2.  Even  if  the  mountain  tops  were  aecessible,  there  would  be  great  loss 
of  timem  attempting  to  occupy  them.  Clouds  hang  for  days  about  the 
summits,  when  lower  down,  near  the  shore  line,  there  would  be  no  diffi- 
culty in  observing. 

3.  Again,  a  scheme  looking  to  the  occupation  of  mountain  peaks  would 
unquestionabl^Mnvolvelong  lines  on  which  heliotropes  would  be  neces- 
sary, and  as  clear  and  sunny  days  are  exceptional  this  again  would  be 
a  source  of  delay  and  expense.  On  the  other  hand,  a  triangulation 
extending  along  the  shoreline  would  involve  sides  of  an  average  length 
of  about  10  miles.  For  these  distances  signal  i)oles  only  need  be  used, 
and  with  the  instrument  properly  protectee!  from  rain  it  would  l>e  pos 
sibleto  observe  on  many  days  when  light  ram  was  falling. 
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BASE  LINES. 

BaslBS  for  this  work  will  be  difficult  of  location  and  will  necessarily 
be  shorter  than  those  usually  measured  for  a  main  scheme.  Generally 
speaking,  the  sites  for  bases  must  be  sought  in  river  bottoms,  near  the 
shoreline,  and  on  such  stretches  of  beach  as  can  be  found.  In  the 
latter  case  advantage  can  be  taken  of  flats  left  bare  by  the  tide  at  low 
water. 

From  the  nature  of  the  country  suggested  above  as  suitable  for  base> 
line  sites,  it  is  evident  that  the  employment  of  base  apparatus  in  meas- 
urements is  scarcely  practicable,  and  advantage  must  be  taken  of  tapes, 
by  means  of  which  accurate  and  (^uick  work  can  be  done,  as  has  been 
clearly  demonstrated  experimentally. 

In  conseiiuenco  of  the  special  value  that  gravity  experiments  in  the 
high  latitudes  of  Alaska  would  have,  it  is  recommended  that  these 
observations  be  made  by  the  astronomical  parties  either  as  i)art  of 
their  regular  work  or  incidentally,  as  circumstances  may  dictate. 

The  astronomical  parties  should  also  be  required  to  make  observa- 
tions for  the  magnetic  declination,  dip,  and  intensity  at  each  station, 
and  the  triangulation  parties  should  observe  for  declination  by  noting 
the  magnetic  bearings  of  the  sides  of  the  triangulation. 

John  E.  McGrath,  Chairman. 
A.  L.  Baldwin,  Secretary, 


REPORT  OF  COMMITTEE  G,  ON  INSTRUMENTS. 

The  committee  has  thought  proper  to  confine  its  attention  to  the  con- 
sideration of  instruments  for  astronomical  work  and  the  measurement 
of  horizontal  angles,  as  other  committees,  having  to  report  on  special 
work,  will  necessarily  consider  the  instruments  used  in  such  operations. 

The  following  list  of  instruments  now  in  possession  of  the  Survey 
has  been  prepared  by  the  instrument  division: 

FOR   ASTRONOMICAL   WORK. 

«  transits  of  about  lU'"'  (45  inch)  focus  and  70"»"  (2f-inch)  objective, 
with  power  of  about  100. 

2  transits  of  95*^»"  (37f  inch)  focus  and  82'""»  (SJ-inch)  objective,  with  a 
power  of  about  90. 

4  meridian  telescopes  of  79*^"'  (31-inch)  focus  and  OS"*"*  (2J.inch)  objec- 
tive, and  powers  of  00  to  90. 

3  meridian  telescopes  of  00""  (20-inch)  focus  and  57"»»>  (2J-inch)  objec- 
tive, w  ith  j)Owers  of  TiO  to  70. 

1  Kepsold  vertical  circle,  with  microscopes. 

4  zenith  telescopes  of  about  114«"»  (45.inch)  focus  and  70'""'  (3-inch) 
objectives,  with  powers  of  about  100. 
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1  zenith  televscope  of  r>(V'"  (2Giucb)  focus  and  57'""'  (2J-incl!)  objective. 
8  cylinder  clirono^raphs  (Fauth  &  Co.). 
4  sets  of  longitude  tt4egraphic  apparatus. 

19  sidereal  breaks  circuit  chronometers,  10  of  which  are  by  Negus  and 
9  of  these  of  very  recent  date. 

FOR   HORIZONTAL   AN(iLi:S. 

Direction  theodolites: 

5  51*""'  (20-iiich),  3  microscopes,  Wurdemann. 
I  46'-"' (i8-iiich),3  "  T.  &S. 

I  41'"'  (l6-inch),  3  "  F.  &  Co. 

I  36'"'"  (14- inch),  2  **  Wurdemann. 

1  30*''"  (12-inch),  2  *•  lirunner. 

2  30«"'  (i2-inch),  2  "  F.  i'v:  Co. 
2  30*^"»  ( 12-inch),  3  •'  F.  &  Co. 
2  3cr'"  (12-inch),  3  "  Office. 

6  20''"'  (8  inch),    2  "  F.  &  Co. 

Repeating  thetMlolites: 

I  36''"™  (14-inch), ^runner. 

3  30*''"  ( 1 2-inch),  Gambey,  i  with  ^o'"'  (12-inch)  vcriical  circle. 

9  25<='"  (10  inch),Gamhey,  I    *•     25^"' (lo-inch)         "         *' 

420*^'"    (8-inch),  Gambey,  3    *•     20""    (S-inch)         "  " 

6  20<"™    (8-inch),  Office,      3    *'     15*"'"    (6-inch)  "         •*         and  micrometer  eyepieces, 

and  all  with  compass  declinometers. 
8  ijcm    (6-inch),  Gambey. 
10  1$''"^    (6-inch),  IBrunner,  i  with  vertical  circle. 

A  number  of  other  instruments  in  the  possession  of  the  Survey  might 
have  been  added  to  this  list,  and  some  of  them  will  undoubtedly  still  be 
used,  but  in  general  they  are  so  antiquated  or  of  such  inferior  character 
that  it  is  thought  scarcely  worth  while  to  consider  them  here. 

Types  of  all  instruments  named  in  this  list  have  been  set  up  in  the 
instrument  division  and  examined  by  the  committee  and  other  members 
of  the  Conference.     In  general,  they  are  good  instruments  of  their  kind. 

ASTRONOMICAL    INSTRUMENTS. 

The  six  114'"'  (4r)-inch)  transits  were  made  by  Troughton  &  Simms,  of 
London,  1H45-1856,  and  were  used  in  telegraphic  longitude  work  of  the 
Survey  prior  to  1888.  Three  of  these  have  recently  been  reconstructed 
and  improved  in  the  otticc.  These  instiumcnts,  though  excellent,  are 
now  considered  too  large  and  heavy  to  be  economically  used  in  the 
general  work  of  the  Survey,  and  it  is  not  likely  that  they  will  be  used 
in  thefuture  except  at  stations  where  transportation  is  not  an  important 
item  or  where  they  may  be  required  for  a  long  time,  as  at  the  astro- 
nomical stations  at  Washington  and  San  Francisco. 

The  two  8.">""  (.57  inch)  transits  were  made  in  the  instrument  shop  of 
the  Survey  in  18S7-8«,  and  have  been  used  with  success  in  the  tele- 
grapliie  longitude  work  since  that  date. 
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Tliefour  79**™  (314ncb)  and  three  66^™  (2G-iDch)  meridian  telescopes 
were  made  in  this  country  by  Wurdemann,  Kubel,  and  Fauth  &  Co. 
since  1868.  They  have  been  used  for  the  determination  of  latitude  by 
Talcott's  method  and  for  time  observations  with  success,  and  are,  in 
fact,  the  most  popular  instruments  in  the  ])ossession  of  the  Survey  for 
general  field  astronomical  work.  Two  of  the  larger  ones  have  recently 
been  reconstructed  and  im])roved  at  the  office,  and  another  is  now  in 
hand.  It  is  recommended  that  the  others  be  similarly  improved  as  far 
as  practicable.  These  instruments  were  designed  by  an  Assistant  of 
the  Survey. 

The  four  114<^"»  (45inch)  zenith  telescopes  were  made  by  Trough  ton  & 
Simms,  of  London,  about  1850.  As  originally  constructed  tliey  were 
not  satisfactory.  One  of  them  was  changed,  and  the  other  three  for 
many  years  were  set  aside.  In  1890  three  of  these  were  reconstructed 
in  the  instrument  shop  of  the  Survey  and  used  at  Rockville,  Md., 
San  Francisco,  Cal.,  and  Honolulu,  Hawaii,  for  observations  for  the 
investigation  of  the  variation  of  latitude.  One  of  the  three  was  pro- 
vided with  a  new  objective  and  eyepieces,  and  with  a  further  improve- 
ment of  the  mounting  of  the  levels  it  is  believe<l  it  will  equal  the  best 
zenith  telescope  extant.  It  must  be  said  of  these  instruments,  as  of 
the  large  transits,  that  they  are  too  heavy  for  economical  use  in  the 
general  work  of  the  Survey,  and  they  are  not  likely  to  be  used  in  the 
future  except  for  special  investigations.  , 

The  G6^"»  (26-inch)  zenith  telescope  was  made  by  Wurdemann  in  1854, 
and  is  a  good  instrument. 

The  eight  cy Under  chronographs  were  made  by  Fauth  &  Co.,  of  Wash- 
ington, the  first  about  1878.  They  were  specially  designed  for  the  work 
of  the  Survey  and  have  been  used  with  success;  but  it  must  be  said 
that  their  great  weight  is  a  serious  objection.  Many  chronographs  of 
American,  English^  French,  and  German  design  are  equally  heavy,  and 
do  not  seem  to  meet  the  requirements  of  the  field  work  of  the  Coa«t 
and  Geodetic  Survey  so  well  as  those  now  in  use.  When  new  chrono- 
graphs are  needed,  the  questions  of  their  weight  and  of  some  improve- 
ments on  the  ]>re8ent  ones  should  be  particularly  considered. 

The  astronomical  instruments  employed  by  other  surveys  in  this 
country  are  very  similar  to  those  in  use  in  the  Coast  and  Geodetic 
Survey.  Those  in  Europe,  however,  are  quite  different.  There  the 
broken  transit  has  been  extensively  used  in  the  telegraphic  longitude 
work,  and  the  illustrations  of  various  forms  are  found  in  the  publica- 
tions relating  to  this  work.  There  seem  to  have  been  some  difficulties 
with  these  instruments  in  the  flexure  of  the  axis  and  the  displacement 
and  distortion  of  the  prism.  It  is  said,  however,  that  these  difficulties 
have  been  overcome.  Wliether  such  an  instrument  should  be  adopte<l 
in  the  Coast  and  Geodetic  Survey  the  committee  deem  best  to  leave 
to  future  consideration. 
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It  is  only  of  late  years  that  the  Talcott  method  has  been  used  in 
Europe,  and  for  this  purpose  a  special  zenith  telescope  has  been  made 
by  Bamberg,  of  Berlin,  for  the  International  Geodetic  Association.  This 
instrument  is  illustrated  in  the  report  of  Dr.  Marcuse's  observations  at 
Honolulu,  1891-1)2.  It  has  a  broken  telescope,  but  the  prism  is  small 
and  placed  very  near  the  eye  end.  It  has  about  the  same  power  as  the 
114<^'"  (45  inch)  zenith  telescope  of  the  Coast  and  Geodetic  Survey.  It 
is  undoubtedly  a  fine  instrument,  but  its  great  weight  renders  it  unfit 
for  general  field  work,,  and  it  should  be  properly  classed  with  instru- 
ments for  a  fixed  observatory.  A  similar  instrument  is  now  in  use  at 
Columbia  College,  New  York,  where  observations  are  being  made  with 
it  to  investigate  the  variation  of  latitude. 

The  vertical  circle,  especially  as  miule  by  the  Repsolds,  has  been  and 
is  being  used  in  European  surveys  for  the  determination  of  latitudes. 
The  Coast  and  Geodetic  Survey  has  one  such  instrument,  but  it  has  not 
met  with  favor,  and  it  is  not  deemed  advisable  to  further  introduce  it 
in  the  Survey,  as  it  is  believed  the  Talcott  method  is  superior  and  can 
be  used  with  quite  as  great  facility. 

THEODOLITES. 

The  Survey  has  such  a  number  and  variety  of  theodolites  that  it  seems 
inexpedient  to  now  introduce  uniformity  of  design  without  an  expense 
which  is  not  warranted  by  its  present  needs. 

The  five  51^'°  (20-inch),  the  4G^"»  (18-inch),  41^"'  (16-inch),  and  36^™ 
(14-inch)  position  theodolites  are  of  good  design.  Five  of  the  30*=" 
(12-inch)  instruments  are  Ihulty  in  that  the  circles  move  upon  the  col- 
lars in  shifting  position.  It  is  recommended  that  these  circles  bo  fixed 
and  the  instruments  be  used  with  position  stands.  The  other  two  30**™ 
(12-inch)  direction  theodolites  were  recently  constructed  at  the  office. 
They  were  designed  with  great  care  and  the  workmanshij)  is  of  the 
very  best.  They  have  double  centers,  the  outer  one  of  cast  iron  and 
the  inner  of  hardened  steel.  The  inner  center  and  socket  are  made 
with  great  precision.  The  outer  center  and  socket  are  well  made,  but 
with  less  precision,  as  this  center  serves  only  for  shifting  the  position 
of  the  circle.  The  alidade,  supported  on  the  inner  center,  is  of  alu- 
minum as  far  .as  practicable,  and  the  friction  upon  the  center  is  very 
small.  In  their  construction  no  relieving  spring  was  deemed  necessary ; 
but  the  committee,  considering  this  a  point  of  vital  importance,  calls 
attention  to  the  necessity  of  studying  this  omission  in  its  effect  on  the 
instrument  after  it  has  been  subjected  to  transportation  and  wear.  The 
circles  were  divided  on  the  Coast  and  Geodetic  Survey  engine.  Tliese 
instruments  have  been  examined  and  i)ractically  tested  by  Assistant 
K.  S.  V^oodward,  and  a  preliminary  report  shows  No.  145  to  be  an 
instrument  of  a  very  superior  order.  It  is  recommended  that  as  soon 
as  the  new  circle  ot  2so.  146  has  been  added,  examined,  and  found 
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satisfactory  both  instruments  should  be  sent  to  the  field  as  soon  as 
practicable.  .  • 

The  six  20<^°»  (8-inch)  direction  theodolites  are  also  faulty  in  that  the 
circles  move  upon  the  collars,  and  some  of  them  are  held  in  position 
only  by  friction,  no  clamp  whatever  being  provided.  The  micrometers 
of  the  microscopes  are  poor.  These  instruments  have  not  been  used 
for  many  years,  and  it  is  recommende<l  that,  if  they  are  to  be  used  in 
the  future,  the  circles  be  fixed,  position  stands  provided,  and  also  new 
micrometers. 

Since  1873  the  51<^  (20-inch)  theodolites  have  been  mostly  used  in  the 
jrreat  trian^i^ulation  of  the  Survey,  where  the  length  of  the  lines  have 
been  100  kilometres  (60  miles)  and  upward,  while  the  others  have  been 
used  in  smaller  work. 

Nearly  all  the  repeating  theodolites  now  in  use  by  the  Survey  were 
made  by  Gambey  and  Brunner,  of  Paris,  many  years  ago.  They  are 
still  as  good  instruments  as  ever.  Originally  they  all  had  small  and 
low-power  telescopes.  Larger  and  better  telescopes  have  been  added 
to  some  of  the  2o«"*  (10-inch)  and  30®'"  (12-inch)  Gambey  instruments. 
The  construction  of  these  instruments  is  such  that  they  are  so  light 
that  they  will  not  admit  of  any  very  great  weight  being  added  to  them. 
If  larger  telescopes  are  needed,  they  should  be  made  of  aluminum. 
These  instruments  have  been  mostly  used  in  the  smaller  triangulation 
of  the  Survey.  The  SO*"*"  (12-inch)  instruments  have,  however,  been 
successfully  used  in  triangulation  with  lines  as  great  as  60  to  80  kilo- 
metres (40  to  50  miles). 

Although  all  the  theodolites  named  in  the  list  above  given  are  con- 
sidered good  instruments,  it  is  well  known  that  the  graduations  of  some 
of  them  are  defective,  and  it  is  recommended  that  such  circles  be  regrad- 
uated  as  soon  as  practicable.  The  new  30*^"*  (12-inch)  theodolites 
recently  made  at  the  office  show  that  the  Coast  and  Geodetic  Survey 
dividing  engine  in  its  present  condition  will  do  very  satisfactory  work. 
The  graduation  of  these  circles  will  compare  favorably  with  the  best 
modern  circles.  It  may  also  be  said  that  the  regraduation  of  a  circle 
at  the  office  is  neither  a  difficult  nor  an  expensive  operation,  and  a 
faulty  or  injured  graduation  should  not  be  allowed  to  stand. 

In  the  Great  Trigonometrical  Survey  of  India  the  triangulation  was 
executed  with  position  theodolites  with  circles  from  40' "»  (18-inch)  to 
Ol**'"  (36-inch),  some  of  them  having  5  microscopes.  They  were  made 
by  Troughton  &  Simms,  of  London.  In  design  they  are  similar  to  some 
that  were  formerly  used  in  the  Coast  and  Geodetic  Survey.  With  the 
exception  of  one  46'^'"  (18-inch)  instrument,  these  theodolites  have  been 
discarded  by  the  Coast  and  Geodetic  Survey  as  being  unnecessarily 
large  and  heavy.  The  theodolites  that  have  been  used  in  other  geodetic 
surveys  in  this  country  are  very  similar  to  those  used  on  the  Coast  and 
*  Geodetic  Survey. 
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Many  suggestioDS  have  been  mnile  to  the  comnnttee  as  to  improve- 
ments on  the  theodolites  ot^the  Survey  and  for  new  instruments,  and 
it  is  recommended  that  the  officers  of  the  Survey  submit  these  sugges- 
tions in  writing  to  the  Superintendent. 

The  committee  wishes  t^)  recommend  the  purchase  as  soon  as  practi- 
cable of  some  lO*^'"  (4-inch)  and  18''"  (7-inch)  theodolites  for  use  in 
Alaska,  and  the  officers  Interesteil  should  at  once  snbmit  their  views 
on  such  instruments  in  writing. 

In  the  European  surveys  a  variety  of  instruments  has  been  used. 
The  greater  number  of  them  have  been  universal  instruments,  with  cir- 
cles  of  from  25  to  30^"»  in  diameter. 

As  regards  the  instruments  for  astronomic  work  and  the  measurement 
of  horizontal  angles,  the  committee  considers  the  present  equipment  of 
the  Survey  as  very  good.  Some  of  these  instruments  are  among  the 
best  of  their  class  at  this  date,  and  others,  although  such  as  would  not 
be  constructed  now,  are  too  valuable  to  be  abandoned.  With  such 
repairs  and  modifications  as  can  be  made  at  the  office  shop  they  will 
render  excellent  service  for  many  years.  Some  new  instruments  will, 
however,  be  needed  from  time  to  time,  and  their  construction  should 
receive  careful  attention. 

In  conclusion,  the  committee  begs  leave  to  call  the  attention  of 
observers  to  the  necessity  of  bestowing  at  all  times  the  proper  care  and 
protection  xi\}ou  instruments,  not  only  with  the  view  to  their  safety 
against  injury  from  accident  during  transportation  but  also  during  use 
in  the  field. 

While  using  the  highest  grade  of  instruments  upon  the  finest  class 
of  work  the  observer  can  not  be  too  careful  and  circumspect  in  pro- 
viding a  perfecrtly  stable  foundation  of  masonry  or  iron  when  practi- 
cable, and  in  protecting  them  as  much  as  possible  against  unequal  or 
sudden  changes  of  temperature. 

An  observer's  tent,  when  a  tent  is  used,  of  double  walls  and  roofing, 
will  be  found  a  most  serviceable  and  efficient  protection  against  the 
radiant  heat  from  the  sun,  direct  or  reflected.  Lamps  or  candles  should 
never  be  kept  near  an  instrument  at  any  time  without  a  screen  for  the 
interception  of  radiant  heat.  It  is  also  recommended  that  observers  in 
tlie  field  should  study  the  erratic  movements  of  the  level  for  the  pur- 
poses of  ascertaining  the  cause  and  suggesting  a  remedy.  It  is  espe- 
cially important  to  note  the  i)eriod  and  ext;ent  of  the  oscillations  of  the 

bubble. 

Edwin  Smith,  Chairman, 

C.  H.  Van  Okden,  Secretary. 
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REPORT  OF  COMMITTEE   H,  ON   OFFICE  ^ND   Fl£LD    RELATIONS. 

It  18  evident  that  it  is  very  important  and  for  the  best  interests  of  the 
Survey  that  the  relation  between  the  office  and  field  forces  should  be 
as  harmonious  as  possible.  In  order  to  efteet  this  much-to-be-desired 
object  your  committee  thinks  it  is  especially  necessary  that  the  "Reg- 
ulations of  1887,"  adopted  and  issued  by  the  then  Secretary  of  the 
Treasury  (with  amendments  since  added),  and  all  circulars  that  have 
been  issued  from  time  to  time  by  the  Sui»erintendent,  shall  be  carefully 
istudied  and  their  provisions  faithfully  carried  out.  By  this  means  alone 
can  effective  cooperation  be  secured.  To  attain  this  end  the  following 
recommendations  are  made : 

1.  RECORDS— THEIR   PREPARATION,  DUPLICATION,  AND   TRANSMISSION 

TO  THE  OFFICE. 

Following  are  articles  31, 32, 33,  on  page  33  of  the  Regulations  of  1887, 
relating  to  records  and  their  transmission  to  the  office;  also  article  36, 
relating  to  transcripts  from  the  records: 

31.  The  original  journals  of  observations  and  original  topographical  and  hydro- 
graphical  sheots  must  in  every  case  be  deposited  in  the  office  of  the  Survey  at  Wash- 
ington. The  jonrnals,  records,  nil  Held  notes,  and  original  data  of  every  description 
lunst  be  kept  in  the  office;  and  all  persons  employed  in  making  observations  are 
requirexl  to  furnish  copies  thereof  to  the  office  at  the  close  of  each  season's  work. 
Each  original  topographic  or  hydrographic  sheet  must  be  accompanied  by  a  descrip- 
tive report  in  writing  and  in  duplicate  of  the  locality  to  which  the  sheet  refers,  in 
accordance  with  the  Superintendent's  pamphlet  circular  of  April  11,  1887,  entitled 
''Instructions  and  Memoranda  for  Descriptive  Reports  to  Accompany  Original 
Sheets."* 

32.  All  books  containing  official  data,  all  topographical  and  hydrographical  sheets, 
with  their  accompanying  descriptive  reports,  and  all  other  records  of  field  work, 
both  original  and  in  dui>licate  (when  re(iuired),  must  be  forwarded  to  the  Superin- 
tendent, indorsed  with  contents  of  package,  and  must  always  be  accompanied  by  a 
transmitting  letter  to  the  same  address,  stating  delinitely  what  is  sent,  with  the  nec- 
essary explanations,  but  with  no  other  references.  This  course  in  regard  to  trans- 
mitting letters  must  be  pursued  with  respect  to  instruments  and  all  other  articles 
sent  to  or  from  the  office. 

33.  Every  transmitting  letter  must  specify  in  detail  every  article  sent.  Of  each 
book  or  ]>aper  of  records  the  general  contents  must  be  stated;  of  each  topograph- 
ical, hydrographic,  or  other  sheet  and  accompanying  report,  its  character  and  limits; 
of  each  instrument,  its  character,  general  dimensions,  and  condition;  of  each  box  of 
bottom  specimens,  the  number  it  contains;  and  so  on,  for  every  item  sent.  No  other 
matter  must  be  referred  to  in  the  transmitting  letter. 

35.  Except  to  persons  employed  in  the  work  of  the  Survey,  transcripts  from  the 
records  or  from  notes  or  sketches  shall  not  be  commnnioated  without  the  authority 
of  the  Superintendent. 

The  term  "original  record"  means  the  record  as  originally  made,  and 
not  a  fair  copy. 


*This  circular  of  April   11,  1887,  has   been  superseded   by  the  Superintendent's 
circular  of  July  3,  1890,  prescribing  one  descriptive  report. 
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Tbe  duplicate  records  should  be  made  in  tlie  tieM  wli<»n  priuiticahle, 
and  sent  to  tbe  office  as  80on  as  possible. 

No  computation  whatei^er  should  be  made  in  the  dupli(;ate  records. 

Full  details  of  instruments,  of  observing^  lunl  recording  methods,  and 
all  data  useful  to  the  computer  should  be  inserted  in  the  preface  to  all 
records. 

Progress  sketches  for  the  use  of  the  computer  should  be  made  of  the 
prescribed  scale  and  size,  and  conformable  to  facets.  (See  Superintend- 
ent's Circular,  February  15,  1888.) 

The  regulation  in  regard  to  the  prompt  transmission  at  the  close  of 
the  season  of  summary  reports,  with  sketch  and  statistic  s,  shouhl  be 
enforced. 

While  observin^^  any  change  mtule  in  the  instrument,  voluntarily  or 
otherwise,  should  be  noted  in  the  record  under  head  of  '*  Remarks." 
The  record  shoidd  be  full  and  tus  definite  as  possible,  keeinng  in  view 
that  the  computer  is  necessarily  ignorant  of  many  details  familiar  to 
the  observer. 

The  record  should  be  made  complete  and  according  to  the  form  pro- 
vided, and  the  names  of  stations  should  be  written  plainly.  No 
recorder  should  be  employed  unless  he  can  make  a  plain  record. 

Descriptions  of  triangulation  stations  should  always  be  in  a  separate 
volume  and  not  in  the  preface  of  the  observations,  except  in  primary 
triangulation. 

All  determined  points,  of  whatever  character,  should,  when  practi- 
cable, be  permanently  marked  and  described,  as  the  office  is  often 
unable  to  furnish  descriptions  called  for  of  well-determinetl  but  unoccu- 
pied points. 

2.  FIELD  COMPUTATIONS— DEGREE  OF  ACCURACY  REQUIRED. 

Computations  should  be  made  in  the  field  while  observing  and  before 
leaving  the  station,  if  possible,  to  make  certain  that  the  observations 
nre  satisfactory  and  to  insure  that  no  necessary  data  are  omitted  in  the 
original  record. 

No  computation  should  be  made  by  the  observers  of  a  greater  degree 
of  accuracy  than  is  sufficient  for  the  above  purpose. 

The  observer's  abstract  should  be  complete,  showing  every  njcasured 
angle  of  any  kind,  and  should  follow  the  printed  forms. 

The  triangle  side  computation  should  be  complete,  showing  all  lines 
determined,  and  a  regular  system  should  be  followed;  that  is,  all 
triangles  upon  any  one  point  should  follow  each  other  (»onsecutively. 

The  names  of  stations  in  the  triangle  side  and  position  computations 
should  be  written  from  left  to  right,  or  in  the  order  of  the  azimuth. 

Angles  of  the  nearest  whole  seconds  and  logarithms  to  live  places 
are  sufficient  for  the  computation  of  tertiary  triangulation. 

As  soon  as  praeticablo  after  the  close  of  the  fic^ld  season  the  chiefs 
of  parties  should  turn  in  to  the  office  their  completed  computations. 
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3.  ACCOUNTS. 

It  is  believed  that  by  complying  strictly  with  the  requirements  con- 
tained in  the  Eegulations  and  the  directions  i)rinted  on  the  diflerent 
forms  of  vouchers  all  friction  between  the  tield  force  and  the  account- 
ing division  will  be  avoided.  This  matter  will  be  referred  to  again  in 
our  "Conclusions,"  at  the  end  of  the  report. 

4.  INSTRUMENTS— THEIR  SHIPMENT  TO  AND  FROM  THE  FIELD. 

A  history  or  sketch  of  instruments  owned  by  the  Survey  should  be 
prepared.  A  book  should  be  kept  for  this  purpose  in  the  instrument 
division,  iu  which  sjiace  could  be  assigned  to  each  instrument  and  its 
I)resent  condition,  with  full  details  as  to  the  aperture  of  telescope,  focal 
length,  magnifying  power,  etc.,  data  concerning  constants,  graduation, 
etc.,  and,  in  fact,  every  necessary  detail  should  be  stated,  so  that  a 
reference  to  the  instrument  by  kind  and  number  would  be  sufficient  to 
identify  any  fact  concerning  it  in  case  any  observer  neglects  to  give 
necessary  data  in  his  records.  Any  reasonable  change  suggested  by 
an  observer  should  be  noted  in  this  book,  and  the  action  of  the  instru- 
ment board  on  this  suggestion  should  be  recorded.  Any  change  what- 
ever in  the  instrument  made  by  the  instrument  division  should  be  care- 
fully entered,  and  the  date  on  which  the  change  was  made  should  be 
stated.  If  this  recommendation  is  carried  out  it  will  save  much  time 
and  labor  iu  the  computing  division. 

A  record  of  the  condition  of  each  instrument  sent  to  the  field  at  the 
time  of  leaving  the  office  should  be  kept  in  the  instrument  division,  so 
that  the  cause  of  any  injury  in  transportation  could  be  more  definitely 
ascertained. 

A  report  of  anything  objectionable  to  the  observer  discovered  when 
the  instrument  is  unpacked  in  the  field  should  be  made  to  the  office,  so 
that  the  error,  if  any,  may  not  be  repeated. 

The  regulation  requiring  a  report  on  the  condition  of  the  instrument 
when  it  leaves  the  field  should  be  enforced,  so  that  the  cause  of  injury 
in  transportation  from  the  field  can  be  more  definitely  ascertained. 
This  report  should  state  in  detail  the  defects  and  repairs  needed. 

The  <onstants of  some  instruments — thermometers, barometers, mag- 
netic instruments,  all  level  vials,  tape  lines,  base  apparatus,  and  instru- 
ments of  like  (character — should  be  sent  to  the  field  with  the  instrument. 
The  observers  should  be  informed  of  any  change  in  the  parts  of  an 
instrument,  and  this  information  should  be  made  a  part  of  the  record. 

5.  MISCELLANEOUS. 

All  data  furnished  by  the  office  for  the  use  of  field  parties  should  be 
returned  to  the  office  when  no  longer  necessary  to  field  operations. 

In  order  to  make  all  records  more  uniform  and  to  secure  necessary 
data  which  may  be  omitted,  a  careful  and  critical  examination  should 
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be  made  by  a  competent  person  as  soon  as  the  records  are  received, 
and  a  report  made  to  the  Superintendent,  showing  all  defects,  together 
with  a  statement  as  to  whether  the  work  appears  good  or  otherwise. 

In  the  prosecution  of  the.field  work,' when  a  station  can  not  be  found, 
a  full  report  should  be  made,  showing  in  detail  the  steps  taken  to 
recover  the  station,  and  stating  the  officer's  opinion  as  to  loss  of  the 
station,  with  the  reasons  therefor. 

A  record  of  lost  stations  should  be  prepared  and  kept  in  the  drawing 
division,  arid  these  stations  should  be  taken  oif  the  list  of  geograph- 
ical x>ositions  available  for  field  work,  and  data  concerning  them  should 
not  be  furnished  tcf  anyone  who  does  not  si)ecially  request  it  with  the 
knowledge  that  the  station  can  not  be  recovered. 

When  any  station  is  visited,  a  statement  of  its  condition  should  l)e 
communicated  to  the  Superintendent.  Whenever  practicable  without 
expense,  the  chiefs  of  parties  should  visit  marks  established  by  the 
Survey  and  report  their  condition  to  the  Superiut<»ndent.  A  list  of  cir- 
culars covering  the  headings  considered  above  is  submitted  herewith. 

Inasmuch  as  many  members  of  the  force  are,  from  the  nature  of  their 
duties  and  the  isolation  of  their  stations,  (jut  off  from  ready  access  to 
the  large  numbc^r  of  current  publications  rich  in  matter  which  is  of 
professional  interest  to  them,  and  an  ac<iuaintance  with  which  is  essen- 
tial to  their  highest  usefulness,  it  is  recommended  that  some  competent 
person  be  charged  with  the  examination  of  cert^iin  standard  publica- 
tions, of  which  he  shall  prepare  brief  extracts  or  headlines,  with  refer- 
ences to  the  publications  in  which  they  appear,  and  tliat  copies  of  these 
abstracts  be  forwarded  from  time  to  time  to  the  different  members  of 
the  corps. 

CIRCULABS. 

April  1, 1892.  Concerning  photographs:  Negatives  to  be  regarded  as 

part  of  the  original  records. 
October  31, 1891.  Storage  of  property. 
October  29,  1891.  Articles  which  may  be   i)urcluise(l  when   urgently 

needed. 
March  31,  1891.  Remains  of  aboriginal  articles  to  bo  rei)orted. 
February  27,  1801.  Regulations  in  regard  to  ])reparati()n  of  records. 
August  8,  1890.  Selection  of  geogra])hic  names. 
July  1, 1800.  Allowance  of  subsistence  for  SnpeiintendiMit  when  visiting 

parties  in  the  field. 
April  3,  1890.  Regulations  in  regard  to  i)re})aration  of  records. 
March  21,  1889.  Treasury  Department,  No.  30. — Regulations  in  regard 

to  sending  telegrams. 
March  13,  1888.  Directions  for  the  survey,  condemnation,  appraisement, 

and  sale  of  Coast  Survey  ])roperty. 
July  12,  1888.  Preservation  of  triangulation  i>oints. 
June  18,  1888.  Statistics  of  field  work. 
February  15, 1888.  Regulating  i)io^ress  sketches. 
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September  8, 18S7.  Treasury  Dei)artiiieiit,  No.  101. — Shipment  of  freight 

and  payment  of  transportation  over  land-grant  railroads. 
September  3, 1887.  Inking  toi)Ographic  sheets. 
March  28, 1887.  Requiring  inventories  to  be  rendered. 
January  17, 1887.  Concerning  shipment  of  property  to  the  office. 
September  13, 1886.  Proper  manner  of  communicating  with  the  office. 
March  26, 1886.  Executive  order  of  the  President. — Requiring  bonds 

of  Assistants  in  order  to  secure  advances. 
July  15, 1884.  Treasury  Department,  No.  108. — Indorsement  and  i>ay- 

ment  of  Treasury  drafts. 
August  16, 1886.  Concerning  accounts. 
August  11,  1886.  "  ^' 

June  21, 1886.  '^  " 

June  16,  1886.  '^  " 

June  10, 1886.  ** 

May  29,  1886.  "  *' 

May  1, 1886.  Tran8i)ortation  on  bonded  railroads. 
April  1,  1886.  Treasury  Depai-tment,  No.  36. — Preparation  and  rendi- 
tion of  accounts. 
April  3, 1886.  Ink  for  ])lane-table  sheets. 
March  19, 1886.  Transfer  of  property. 

In  conclusion,  the  committee  desires  to  express  its  appreciation  of 
the  letter  from  Mr.  E.  H.  Fowler,  draftsman,  dated  January  11, 1894, 
referred  to  it  by  the  Conference,  and  of  the  letter  of  Mr.  J.  B.  Boutelle, 
computer,  dated  January  8, 1894,  presented  by  Assistant  Schott. 

The  committee  recommends  the  preparation  of  a  manual  of  observa- 
tions, records,  and  computations  which  shall  embody  the  conclusions  of 
the  Conference  upon  these  points,  and  a  manual  of  accounts,  in  accord- 
ance with  the  valuable  suggestions  contained  in  the  paper  (appended 
to  this  report)  of  the  disbursing  agent  of  the  Coast  and  Geodetic  Sur- 
vey, which  the  committee  indorses. 

George  A.  Fairfield,  Chairman. 
Isaac  Winston,  Secretary. 

CORRELATION  OF  THE  OPERATING  DEPARTMENT  AND  ACCOUNTING 
SYSTEM  OF  THi:  COAST  AND  GEODETIC  SURVEY. 

The  reci])rocal  relations  existing  between  the  barren,  uninviting,  and 
verbose  details  of  an  accounting  system,  and  the  researches,  delib- 
erations, and  results  of  a  scientific  commission,  such  as  the  Geodetic 
Conference  now  assembled  in  Washington,  are  not  at  a  first  glance 
apparent.  The  two  elements,  if  they  may  be  so  termed,  in  fact  a])pear 
to  be  widely  at  variance.  No  (connection  is  immediately  perceptible, 
yet  they  are  closely  allied,  almost  if  not  absolutely  inseparable,  and  to 
a  greater  degree  than  is  at  once  conceivable.  For  the  purposes  of  this 
paper  it  is  necessary  at  the  cmtset  to  define  the  union  between  the  two 
and  to  show  their  congelation.    To  do  this  understandingly  it  must  bft. 
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assumed  that  the  ConfiTeuce,  as  a  whole,  is  representative  of  the  work 
of  the  Survey,  and  that  the  accounting  system  is  the  embodiment  of 
the  ^productive  means  by  which  the  work  is  accomplished. 

It  will  probably  be  conceded  that  all  enterprises  or  undertakings, 
no  matter  upon  what  scale  they  may  have  originally  been  planned, 
under  every  condition  obtaining  in  life,  require  for  their  prosecution 
the  providing  of  certain  means  or  assistance  whereby  the  work  to  be 
accomplished  may  be  brought  to  a  successful  termination,  or,  as  is 
sometimes  the  case,  its  impracticability  completely  demonstrated.  The 
work  of  the  Survey,  therefore,  as  represented  by  the  Geodetic  Confer- 
ence, may  for  the  purposes  of  illustration  be  deemed  an  undertaking 
in  the  furtherance  of  which  grants  of  money  are  made  by  Congress 
from  time  to  time  for  its  prosecution,  while,  on  the  other  hand,  the 
accounting  system  may  be  said  to  represent  the  vehicle  through  which 
the  means  or  assistance  so  provided  becomes  available  for  the  purposes 
of  the  work.  The  connection,  therefore,  between  the  operative  depart- 
ment of  the  Survey  and  its  accounting  system  wouhl  appear  from  the 
foregoing  to  be  not  only  correlative  but  in  fact  inseparable,  inasnmch 
as  the  existence  of  the  former  depends  under  prior  legislative  enactment 
upon  the  sustenance  provided  for  its  maintenance  through  the  instru- 
mentality of  the  latter. 

It  maybe  permissible  to  say  that  doubtless  no  point  is  likely  to  arise 
during  the  progress  of  the  deliberations  of  this  assemblage  which  will 
convey  the  impression  of  a  closer  or  more  essential  connection  as  a 
natural  result  of  the  labors  of  the  Conference  than  that  of  a  compre- 
hensive application  and  clear  understanding  of  the  laws,  rules,  regula- 
tions, and  requirements  governing  the  disbursement  of  jmblic  funds  iu 
their  relation  to  the  prosecution  of  the  work  of  the  Coast  and  Geodetic 
Survey,  and  prox)erly  and  intelligently  accounting  for  the  moneys  so 
expended.  This  statement  is  made  with  the  more  freedom,  inasmuch  as 
it  appears  to  be  a  well  established  fact  that  the  work  of  the  Survey  in 
its  execution,  its  correctness,  and  its  methods  has  never  been  success- 
fully assailed  or  impeached,  while  its  disbursements,  on  the  other  hand, 
have  been  the  subject  of  almost  continual  criticism  and  animadversion 
from  the  days  of  the  first  Superintendent  down  to  the  present  writing. 

The  special  and  distinctive  characteristics  of  the  work  of  the  Coast 
and  Geodetic  Survey,  both  in  the  field  and  office,  compared  with  what 
may  be  called — there  being  few  exceptions — the  ordinary  plain  busmess 
transactions  of  other  Bureaus  of  the  Government,  manifest  themselves 
continually  and  persistently  in  the  varied,  and  in  many  instances  novel, 
character  of  its  expenditures.  This  is  naturally  the  case,  and  can  not 
be  avoided  in  a  great  governmental  bureau  which  is  notably  engaged 
in  the  investigation  and  application  of  the  most  refined  methods  of 
science  with  a  view  to  the  betterment  and  amelioration  of  the  condi- 
tions surrounding  mankind,  the  diffusion  of  general  knowledge,  tod 
the  protection  and  development,  by  means  of  its  perfect  suiveys  of 
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navigable  waters,  of  the  commerce  of  a  great  and  growing  country. 
But  these  commendable  and  praiseworthy  features  are  jfrequently  lost 
to  view  in  the  maelstrom  of  criticism  and  censure  which  has  at  various 
times  in  the  history  of  the  Survey  followed  a  so-called  analysis  of  the 
expenditures  made  for  the  work. .  To  the  average  accounting  clerk, 
possessed  of  little  or  no  knowledge  of  the  operations  of  the  Survey, 
with  acquired  predilections  for  hypercriticism,  reeinforced  doubtless  in 
some  instances  by  superior  oflBcial  insistence,  the  accounts  of  the  Bureau 
appear  to  present  unusual  opportunities  for  the  promulgation  of  dog- 
matic opinions  as  to  the  propriety  and  necessity  for  particular  items  of 
expenditure,  the  usefulness  and  import  of  which  arc  as  unknown  to 
to  him  as  would  be  the  application  of  the  most  abstruse  scientific  prob- 
lem. The  result  of  such  criticism  is  an  almost  continual  correspond- 
ence between  the  officials  of  the  Bureau  and  the  reviewing  officers  of 
the  Department  with  reference  to  the  allowance  of  disputed  items;  and 
this  condition  has  obtained,  to  a  more  or  less  extent,  with  the  accounts 
of  every  disbursing  officer  from  the  time  of  Capt.  W.  H.  Swift,  Corps 
of  Engineers,  the  first  disbursing  agent,  to  the  present.  The  remedy, 
in  part,  is  permanency  in  the  tenure  of  office  of  the  accounting  clerks 
and  reviewing  officials.  Vaw\i  man  becomes  gnidually  educated  up  to 
the  needs  of  the  service  and  in  time  comprehends  and  appreciates  the 
system  of  accounting.  A  change  in  the  office,  however,  and  the  school- 
master's work  begins  anew.  It  is  this  feature  which  is  largely  respon- 
sible for  the  main  body  of  criti(;isra  to  which  our  accounts  have  been 
subjected.  The  Survey  finds  no  fault  with  the  expression  of  a  fair, 
honest  difference  of  opinion  as  to  the  propriety  of  any  particular  item 
of  expenditure.  Errors  of  judgment  are  to  be  expected ;  but  when  dis- 
covered should  be  discussed  and  criticised  m  a  spirit  of  fairness  and 
not  with  a  view  to  casting  suspicion  upon  individual  integrity. 

The  foregoing  remarks  naturally  lead  up  to  a  point  which  seems  to 
present  the  desirability  of  a  still  further  advance  in  that  degree  of 
knowledge  and  familiarity  with  the  laws  relating  to  the  disbursement 
of  public  funds  which  is  so  essential  a  requiiement  in  the  avoidance  of 
adverse  criticism  and  in  securing  a  prompt  and  accurate  audit  of  our 
accounts.  With  this  object  in  view,  and  taking  advantage  of  the 
assemblage  of  so  many  officers  in  attendance  at  the  Conference,  the 
Superintendent  of  the  Survey  has  suggested  the  preparation  of  a  paper 
in  which  reference  should  be  made  to  the  technicalities  necessary  to  be 
observed,  witli  a  brief  analysis  in  each  case  of  their  necessity  and 
import.  The  subject  is  a  large  one  and  can  not  readily  be  confined  within 
the  limits  of  a  brief  paper.  An  effort  will  be  made,  however,  to  define 
the  more  iiuj)ortant  points  and  to  show  their  relation  to  the  system  of 
accountability  now  in  force. 

Many  of  the  requiiennuits  now  obtaining  in  the  accounting  system 
of  the  Survey  are  a  natural  outgrowth  of  the  provisions  and  terms  of 
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the  **  Plan  of  Keorgaiiization  of  1843."  Subsequent  legislation  bas  from 
time  to  time  added  others,  various  decisions  of  the  accounting  officers 
of  the  Treasury  have  contributed  their  quota,  and  others  again  have 
arisen  through  the  executive  action  of  the  different  Superintendents. 
Kcgulations  and  directions  almost  innumerable  in  number,  embracing 
all  these  various  sources  of  authority,  have  been  issued  and  promulgated 
as  occasion  demanded.  'It  may  readily  be  seen,  therefore,  that  the  field 
officer  of  the  Coast  and  Geodetic  Survey  charged  with  the  responsi- 
bility of  making  disbxu'sements  of  public  funds  must,  in  addition  to  his 
other  qualifications,  become  a  walking  digest  of  law,  regulations,  and 
decisions,  if  he  desires  to  avoid  criticism  and  individual  financial  respon- 
sibility in  the  audit  and  settlement  of  his  accounts.  For  the  purposes 
of  this  paper,  a  reference  to  the  latest  edition  of  the  Regulations  (1887) 
will  be  first  in  order.  As  the  enacting  clauses  of  the  appropriation 
acts  of  recent  years  have  invariably  contained  the  provision  thiit  the 
appropriations  therein  made  were  to  be  expended  in  accordance  with 
the  regulations  adopted  from  time  to  time  by  the  Secretary  of  the 
Treasury,  it  would  seem  that  such  regulations,  when  so  adopted,  ik)8- 
sess  all  the  force  of  statutory  law. 

To  quot«  from  paragraph  3 :  '*  The  Superintendent  shall  direct  and 
superintend  the  work  in  general,  and  be  responsible  •  •  •  for  the 
proper  and  economical  expenditure  of  the  approjiriations  made  there- 
for.*^  There  is  food  for  much  thought  in  the  terms  of  this  regulation. 
It  is  clear  that  the  Superintendent  is  directly  responsible  for  the  cor- 
rectness of  the  disbursements. 

The  chief  of  the  party,  therefore,  in  the  matter  of  his  exj>enditures, 
is  to  be  considered  as  being  primarily  responsible  to  the  Superintend- 
ent, although  the  provision  contained  in  paragraph  46,  which  i^ads, 
*<  Chiefs  of  i)artie8  shall  be  held  responsible  for  the  expenditures  of  their 
respective  parties,"  would  seem  to  require  modification  to  meet  this  con- 
dition. The  interpolation  of  the  words  "to  the  Sui>erinteude!it"  after 
the  word  '*  responsible"  would  proi)erly  accentuate  the  resj)onsibility 
here  referre<l  to.  llesponsibility  should  be  centralized  and  not  scat- 
tered. Divided  responsibility  is  unsafe  and  should  not  be  tolerated. 
Much  more  could  be  said  in  this  connection,  but  the  i)oint  in  vol  veil  is 
obvious. 

Paragraph  30  of  the  Regulations  provides,  in  brief,  that  all  moneys 
received  from  the  sales  of  old  i)roperty,  etc.,  shall  be  paid  to  the  Assist- 
ant in  charge  of  the  oflice  and  toiK)grai)hy.  In  many  cases  this  is  not 
done,  the  moneys  being  deposited  in  some  subtreasury  or  other  gov- 
ernmental depository  or  forwarded  direct  to  the  Superintendent.  The 
regulation  is  mandatory  and  admits  of  no  discretion.  It  is  another  case 
of  divided  responsibility;  but  with  this  we  have  nothing  to  do.  Such 
moneys  should  be  forwarded  as  directed.  This  may  be  done  by  means 
of  check,  money  order,  or  by  making  a  transfer  through  the  instrumen- 
tality of  the  disbursing  agent. 
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Paragraph  45  refers  to  estimates  and  allotments,  and  provides  that 
no  expenses  of  any  description,  except  for  the  purpose  of  saving  life  or 
property  or  in  other  sadden  emergency,  shall  be  inciirj-ed  before  esti- 
mates have  been  submitted  to  the  Superintendent  and  ax)proved  by 
him.  The  saving  clause  here  is  composed  of  the  words  "or  in  other 
sudden  emergency,"  of  which  emergency  the  Superintendent,  in  his 
executive  capacity,  is  the  judge.  Were  it  not  for  this  clause  all 
expenditures  of  every  description  would  necessarily  have  to  be  first 
estimated  for  and  an  allotment  made  to  cover  them  before  they  could 
be  incurred.  In  this  connection  chiefs  of  parties  should  be  careful 
never  to  deviate,  in  the  matter  of  rates  of  compensation  or  i)er  diem 
allowances  for  subsistence,  from  the  terms  of  their  approved  estimates. 
There  is  some  leeway,  so  to  speak,  in  the  mutter  of  items  for  contin- 
gent expenses,  but  in  those  si)eciftcally  referred  to  close  adherence 
must  be  had  to  the  terms  of  the  estimates.  If  any  departure  is  made 
therefrom,  it  should  be  the  subject  of  an  explanatory  letter.  In  pre- 
paring estimates  the  printed  directions  on  the  face  should  be  followed. 
These  are  plain  and  require  no  further  explanation  in  this  place. 

Paragraph  47  re(iuires  chiefs  of  parties  to  transmit  with  their  accounts 
a  list  of  all  articles  that  may  be  purchased  for  public  use.  This  re<piire- 
ment  is  frequently  overlooked,  and  to  save  time  in  the  adjustment  of 
the  accounts  the  lists  are  often  made  out  in  the  disbiusing  oflice.  This 
provision  of  law  admits  of  no  discretion.  Moreover,  the  lists  of  pur- 
chases, when  made  out  by  the  chief  of  party,  afford  him  an  opportunity 
of  stating  what  disposition,  if  any,  has  been  made  of  the  property  jiur- 
chased.  It  is  sometimes  at  once  expended,  and  this  statement  made 
on  the  list  avoids  possible  trouble  in  the  settlement  of  inventory 
accounts,  whicli  would  not  be  the  case  when  the  lists  are  made  out  in 
the  disbursing  oflice. 

Paragraphs  58,  51),  and  60  refer  to  allowances  for  commutation  and 
to  expenses  for  actual  subsistence.  These  two  conditions  should  not 
be  misinterpreted.  They  are,  however,  fre(j[uently  misapplied.  Com- 
mutation of  subsistence  can  never  be  allowed  while  traveling,  except 
in  cases  of  licld  duty  involving  travel  with  brief  stopi)ages.  Only  the 
actual  cost  of  subsistence  can  be  aUowed  while  traveling  under  the 
usual  conditions  obtaining  in  the  Survey.  The  error  is  frequently 
made  of  charging  commutation  or  per  diem  while  so  traveling.  Under 
the  regulation  this  is  not  permissible  and  merely  serves  to  invite  dis- 
allowance or  suspension  of  the  amounts  so  charged.  The  amounts 
paid  for  actual  subsistence  when  traveling  should  be  so  charged,  and 
if  for  expenses  at  a  hot^l  or  other  lodging  place,  should  be  supported 
by  receipt.  When  meals  are  procured  at  restaurants  or  on  dining  cars 
while  traveling,  the  prices  i)aid  should  be  charged  in  detail  on  the 
traveling  voucher,  and  receijits  may  be  dispensed  with  when  the 
accoiint  is  duly  sworn  to.  The  regulation,  however,  requires  that  all 
items  not  supported  by  receipts  should  be  accompanied  by  a  statement 

Ex.  19,  pt.  2 23 
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showiDg  the  impracticability  of  obtaining  such  receipts.  The  hurry 
and  confusion  incident  to  travel  is  a  necessary  accompaniment  of  such 
impracticability. 

The  conditions  governing  the  various  allowances  for  commutation  of 
subsistence  are  so  clciirly  and  plainly  stated  in  the  regulations  that 
further  explanaticm  in  this  place  would  seem  to  be  unnecessary.  The 
entire  question  is  one  that  is  optional  with  the  Superintendent  as  to 
the  amount  allowable  within  the  maximum  sum  fixed  by  the  appropria- 
tion act. 

The  foregoing  paragraphs  referring  to  the  Eegulations  cover  those 
points  in  which  chiefs  of  parties  are  most  frequently  at  fault. 

The  vouchors  used  by  the  Survey  in  its  system  of  accounting  will 
now  be  taken  ux>  for  description.  Tliese  forms  carry  with  them  all 
necessary  printed  directions  for  their  proper  preparation.  A  careful 
consideration  of  the  instructions  contained  in  the  directions  when  fill- 
ing out  vouchers  would  avoid  at  times  much  unnecessary  labor  in  the 
disbursing  office  in  the  examination  and  audit  of  accounts.  Many  of 
the  paragraphs  of  these  directions  are  self-explanatory  and  need  no 
further  reference  to  them  in  this  place.  The  purpose  and  intent  of  a 
few  of  the  leading  x)aragraphs  will,  however,  be  given  in  order  to  show 
the  bearing  which  they  have  upon  the  final  audit  of  the  accounts  at 
the  Treasury  Department.  Paragraph  5  of  the  Directions,  Form  2 — 
General  Voucher— Field,  reads  as  follows:  ^'Always  state  specifically 
the  purpose  of  every  expenditure.  If  for  services,  the  capacity  in 
which  employed  and  the  work  upon  which  engaged;  if  for  articles, 
state  use  for  which  intended."  Tlie  last  sentence  is  particularly  appli- 
cable to  the  suspension  of  an  item  in  a  statement  of  differences  recently 
received  from  the  accounting  officers  of  the  Treasury,  which  reads  as 
follows : 

**The  following  items  for  ice  are  suspended  for  explanation  as  to 
necessity  for  purchase  of  ice  in  such  large  ([uantities,"  tlie  total  being 
$101.25.  The  ice  accounted  for  here  was  purchased  for  the  pur^wse  of 
tempering  the  base  bars  of  the  apparatus  used  in  the  measurement  of 
the  Holton  Base  line.  A  mere  statement  to  that  effect  uix)n  the  face 
of  the  voucher  would  doubtless  have  been  suflicient  to  satisfy  the 
accounting  clerk  of  the  Treasury  that  the  article  jiurchased  was  not 
intended  for  the  gratification  of  individual  tastes  or  other  indulgence, 
but  was  used  solely  for  public  purposes.  Again,  in  the  measurement 
of  the  Yolo  Base  lino,  the  vouchers  covering  expenditures  for  brick 
and  cement  and  for  the  hire  of  bricklayers,  expenditures  necessary  to 
the  erection  of  the  piers  at  the  ends  of  the  line,  were  returned  to  the 
office  for  the  specific  approval  and  administrative  scrutiny  of  the 
Superintendent  upon  the  ground  that  the  disbursement  was  of  an 
extraordinary  character  and  required  full  explanation  and  the  highest 
executive  sanction  before  it  could  be  passed.  As  before,  a  simple 
statement  upon  the  vouchers  of  the  purport  of  the  expenditure  would 
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probably  have  been  satisfactory,  and    aunecessary  correspondence  ' 
would  have  been  avoided.     These  two  illustrations  would  seem  to 
clearly  indicate  the  propriety  of  stating  specifically,  at  least  in  the  case 
of  items  somewhat  outside  the  usual  routine,  '^tlie  purpose  of  the 
expenditure.'' 

Paragraph  4  of  the  Directions,  Form  2,  requires  that  all  items  on  the 
personal  vouchers  of  chiefs  of  parties  or  their  subordinates  should  be 
supported  by  receipts  whenever  practicable  to  obtain  them ;  and  when 
not  practicable  to  obtain  the  receipts,  to  so  state  and  give  the  reason 
therefor.  This  paragraph  is  not  observed  to  the  extent  that  it  should 
be  in  order  to  satisfy  the  re(][uirements  of  the  accounting  officers,  as  the 
following  suspensions  in  our  accounts  will  indicate: 

"The  following  items  for  lumber,  freight,  cartage,  laths,  nails,  wire, 
tools,  oil  can,  oil,  eyebolts,  damages,  oak  plank,  services,  luncheons, 
I)08t-office  registration  fee,  etc.,  are  suspended  for  subvouchers  (receipts) 
needed  to  perfect,''  the  total  amounting  to  about  $17,  and  the  items  of 
expenditure  ranging  from  10  cents  to  about  75  cents  or  $1.  Individ- 
ually, the  sums  involved  are  very  small ;  in  the  aggregate  their  amount 
is  considerable  in  the  adjustment  of  an  account  for  a  full  year's  expend- 
itures. In  such  caaes,  after  so  loDg  a  lapse  of  time,  it  is  hardly  possible 
that  the  necessary  receipts  can  be  obtained  by  the  various  chiefs  of 
parties,  and  hence  recourse  must  be  had  to  an  appesil  for  equity  and  to 
any  other  prevailing  featui'e  which  may  aid  in  securing  the  passage 
of  the  disputed  item.  The  point  might  be  raised  in  this  connection 
that  such  items,  unsupported  by  receipts,  should  not  be  allowed  to  pass 
the  disbursing  office.  But  it  may  be  stated  here  in  general  terms  that, 
apart  from  the  labor  involved  in  striking  out  such  items,  the  office  has 
always  attached  weight  to  the  certificate  of  a  chief  of  party  ''that  the 
account  was  correct  and  just,"  and  hence  was  not  disposed  to  be  critical 
in  relation  to  the  small  sums  here  alluded  to.  It  would  seem  to  be  the 
easiest  course,  however,  for  all  concerned,  to  obtain  receipts  for  every 
item,  however  small,  in  support  of  charges  on  personal  vouchers,  when- 
ever possible  to  procure  them,  and  when  not  so  x>ossible,  to  briefly  state 
why.  The  only  exception  which  may  be  made  to  this  rule,  if  exception 
it  may  be  called,  is  in  the  case  of  vouchers  for  traveling  expenses,  which 
are  usually  sworn  to  before  competent  legal  authority.  The  irksome- 
ness  of  this  requirement  as  to  subreceipts  is  patent  to  all;  but  as  it  is 
based  upon  the  direct  action  of  the  accounting  officials  of  the  Treasury, 
as  indicated  by  the  foregoing  citations,  it  is  not  clear  that  remonstrance 
would  result  in  relief. 

The  three  forms  of  vouchers  most  commonly  in  use  by  chiefs  of  par- 
ties are:  ''Form  2 — (leneral  Voucher — Field,"  "Form  3 — Transporta- 
tion Voucher,"  and  *'  Form  5 — Abstract  of  Expenditures."  For  the 
purpose  of  bringing  before  the  Conference,  as  a  matter  of  record  and 
for  its  official  action,  if  any  is  deemed  necessary,  the  particular  features 
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of  the  printed  directious  heretofore  alluded  to,  they  are  here  incorpo- 
rated in  regular  order,  as  follows  : 

Form  2 — Generai.  Voucher — Field, 
directions. 

1.  Signatures  of  firms  or  individuals  signed  ''per''  will  not  be  passed. 

2.  Whenever  practicable,  have  vouchors  made  out  by  the  i)crsons  signing  them. 

3.  Assign  numbers  to  snbvouchers  or  receipts,  and  refer  to  them  in  the  voucher  by 
number. 

4.  When  used  as  a  personal  voucher  by  chiefs  of  parties  or  their  subordinates  for 
other  than  their  own  services  and  sul>sistence,  support  all  items  by  subvouchers  or 
receipts  whenever  practicable  to  obtain  them.  When  not  practicable,  so  state  and 
give  the  reason  therefor. 

5.  Always  state  specifically  the  purpose  of  every  expenditure.  If  fur  services,  the 
capacity  in  which  employed  and  the  work  upon  which  engaged.  If  for  articles, 
state  use  for  which  intended. 

6.  To  avoid  a  multiplicity  of  vouchers  it  is  suggested  that  in  numerous  instances 
receipted  bills  could  be  obtained  and  the  amounts  thereof  charged  upon  the  personal 
voucher  of  the  chief  of  party,  referring  to  the  bill  by  number,  as  heretofore  stated. 

7.  All  subvouchers  or  receipts  should,  if  possible,  be  signed  in  ink.  xVn  extra 
effort  should  be  made  to  this  end. 

8.  Vouchers  for  commutation  of  subsistence  must  be  rendered  in  strict  conformity 
with  the  Regulations. 

9.  Make  all  explanations  in  writing  upon  the  face  of  the  vouchers. 

10.  Signatures  by  '*X''  are  only  to  bo  made  by  persons  unable  to  write  their  own 
names.  When  made  by  "X''  they  must  be  witnessed.  This  apydies  to  subvouchers 
and  receipts  as  well  as  to  regular  forms  of  vouchers. 

11.  Vouchers  for  the  purchase  of  instruments,  for  repairs  of  instruments,  or  for 
ink  and  mucilage  must  be  rendered  in  strict  conformity  to  the  Superintendent's 
circular  of  October  29,  1891.  Personal  vouchers  of  chiefs  of  parties  should  be  ren> 
dared  for  such  expenditures,  the  items  boin^  supported  by  the  receipted  bills. 

12.  All  vouchers  must  be  itemized  as  completely  as  possible.  Charges  in  '*lump" 
sums  will  not  be  allowed. 

13.  Charges  for  telegrams  can  only  be  allowed  at  Government  rates,  as  per  Depart- 
ment circulars  issued  from  time  to  time.  The  number  of  words  and  names  of  places 
from  and  to  which  sent  must  be  given  on  the  voucher,  or  copies  of  the  telegrams 
must  be  furnished. 

14.  The  provisions  of  paragraph  53  of  the  Kegulations,  in  relation  to  accounts, 
must  be  strictly  adhered  to  by  all  chiefs  of  parties  to  avoid  suspensions  or  disal- 
lowances in  their  vouchers. 

15.  All  calculations  for  parts  of  a  month  must  be  made  according  to  the  number 
of  days  of  which  the  month  consists. 

16.  In  vouchers  for  hauling  and  moving  equipments  and  materials  give  the  num- 
ber of  loads  and  distance  from  place  to  place. 

17.  Per  diem  employees  or  hands  can  not  be  paid  salaries  for  Sundays  unless  service 
is  actually  rendered  on  that  day.  When  service  is  so  rendered  by  per  diem  employees 
(and  charged  for),  a  certificate  to  that  effect  must  be  written  on  the  face  of  the 
voucher. 

18.  All  vouchers  must  bear  date  in  the  column  on  the  left. 

19.  The  price  per  unit  of  weight  or  measure  muMt  be  stated  in  all  cases  whenever 
practicable. 

20.  In  cases  where  damages  for  opening  views,  etc.,  are  paid  for,  either  support 
the  charge  by  a  written  agreement  (with  the  person  claiming  the  damages),  stating 
the  nature  and  extent  of  damages,  and  his  acceptance  of  a  stated  sum  as  a  full  relief 
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to  the  Ooyemment,  or  give  in  detail,  on  the  face  of  the  voucher,  the  full  particnlan 
concerning  the  account  and  the  circumstances  which  demanded  the  expenditure. 

21.  When  rendercil  as  a  sub  voucher  in  an  abstract,  the  briefing  on  the  back  of  this 
form  must  invariably  be  filled  out. 

22.  Hereafter  secure  invoices  and  bills  from  firms  and  individuals  furnishing  sup- 
plies, etc.,  or  rendering  services  (not  personal  services),  in  addition  to  the  regular 
form  of  voucher,. and  attach  them  to  their  appropriate  vouchers  before  transmitting 
the  accounts  to  the  disbursing  agent. 

Form  3 — Transportation  Voucher, 
dirrctions. 

1.  Copies  or  extracts  from  letters  of  instructions  must  bo  written  on  separate 
sheets  of  paper  and  attached  to  the  vouchers.  Be  careful  to  give  a  full  copy  or 
extract,  as  the  case  luay  be. 

2.  Give  full  name  of  railroad  or  steamboat  company  furnishing  the  transportation. 
When  transported  by  other  conveyances,  so  state. 

3.  The  fare  actually  expended  over  each  route  must  be  charged.  Do  not  **  lump" 
the  expenditures. 

4.  Charges  for  transportation  over  bonded  and  land-grant  railroads  will  be  disal- 
lowed. 

5.  Support  all  charges  for  meals  and  transportation  of  baggage  by  subvouchers  or 
receipts  whenever  practicable  to  obtain  them.  When  not  practicable  so  state  and 
g^ve  the  reason  therefor. 

6.  Assign  numbers  to  subvouchers  or  receipts,  and  refer  to  them  in  the  voucher  by 
number. 

7.  Only  actual  expenses  of  board  and  lodging  are  allowed  while  traveling.  Sec- 
retary's circular  of  August  24,  1886,  governs  the  present  rates  allowed  for  field 
officers. 

8.  Subvouchers  or  receipts  must  be  furnished  for  all  hotel  expenses  and  carriage 
hire.  Hotel  bills  must  clearly  show  the  time  of  beginning  and  ending  of  the  service 
charged  for. 

9.  Expenditures  for  local  field  transportation  must  state  specifically  the  purpose 
for  which  each  item  of  expenditure  was  made,  and  must  be  confined  strictly  to  the 
immediate  locality  of  field  work.  When  the  distance  traveled  is  over  50  miles  from 
locality  of  work,  full  explanation  of  the  necessity  therefor  must  be  made. 

10.  In  organizing  or  disbanding  a  party,  the  members  thereof  can  not  be  furnished 
transportation  for  a  greater  distance  than  50  miles  without  i)revious  special  author- 
ity from  the  Superintendent. 

11.  When  transportation  expenses  of  employees  of  a  party  are  charged  in  the  per- 
sonal voucher  of  the  chief  of  party  (and  this  course  is  recommended  as  avoiding  con- 
fusion), give  their  names  and  furnish  their  acknowledgments,  to  l>e  attached  to 
the  voucher,  that  they  have  received  the  transportation  charged  for. 

12.  When  em]>loyees  of  a  party  are  traveling  ahme  upon  special  duty,  away  from 
the  main  party  (within  the  limit  heretofore  stated),  they  must  render  to  the  chief  of 
party  vouchers  in  their  own  names,  duly  sworn  to  by  them,  and  supported  by  tcritten 
orders  from  the  chief  of  party.  In  these  orders  the  Superintendent's  instructions 
must  be  quoted  and  the  extract  certified  to  by  the  chief  of  party, 

13.  When  charges  for  actual  expenses  while  traveling  and  for  commutation  of  sub- 
sistence become  interwoven  upon  any  particular  day  an  adjustment  must  be  effected 
upon  the  basis  of  four  parts  to  a  day — breakfast,  dinner,  supper,  and  lodging. 

14.  Actual  expenses  of  board  and  lodging  will  not  be  allowed  while  traveling 
locally  m  the  routine  of  field  work  to  those  receiving  commuted  or  regular  rates  of 
subsistence  incidental  to  field  operations. 

15.  Traveling  expenses  between  home  and  the  oflice  or  suboffices  not  allowable. 
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16.  The  approval  certificate  of  the  Saperintendent  on  the  face  of  the  voucher  is 
intended  to  be  filled  oat  by  him  only  when  the  voucher  is  rendered  separately  and 
not  included  in  an  abstract. 

17.  All  traveling-expense  accounts  must  be  sworn  to  before  competent  legal 
authority. 

Form  5 — Abstract  of  Expenditures. 

directions. 

1.  In  entering  vouchers  upon  the  abstract,  arrange  them  in  alphabetical  order 
regardless  of  dates,  writing  the  surname  first  in  the  column  headed  ''To  whom 
paid." 

2.  When  working  under  two  or  more  appropriations,  render  separate  abstracts  for 
each. 

3.  When  vouchers  are  suspended  and  returned  for  correction,  always  transmit 
supplemental  abstracts  (in  duplicate),  dated  the  same  as  the  originals,  to  cover  the 
suspended  vouchers. 

4.  Monthly  abstracts  must  be  given  date  of  the  last  day  of  the  mouth  in  the 
receipts.  When  rendered  for  portions  of  a  month,  the  latest  date  in  the  subvouchers 
may  be  used. 

5.  Vouchers  for  expenditures  made  in  one  month  must  not  be  included  in  the 
abstract  for  another  month.  Render  a  separate  abstract  for  such  vouchers,  and 
attach  thereto  a  written  explanation  of  the  delay  in  transmitting  the  account. 

6.  Be  careful  to  observe  that  the  abstracts  are  signed  before  transmitting  the 
accounts  to  the  disbursing  clerk.  Abstracts  must  be  signed  by  chiefs  of  parties  in 
their  official  capacity. 

7.  The  blank  space  in  the  center  of  tlie  face  of  the  abstract  must  not  be  written 
over  by  chiefs  of  parties,  nor  must  the  briefing  on  the  back  of  the  abstracts  be  filled 
out  by  them. 

8.  The  dates  of  the  vouchers  must  be  inserted  in  the  abstract,  notwithstanding 
that  they  are  arranged  alphabetically. 

9.  All  vouchers  embraced  within  abstracts  must  be  briefed  on  the  back  and  num- 
bered, beginning  with  the  number  1  (one)  in  each  abstract. 

10.  Separate  abstracts  must  be  rendered  for  ''party  expenses'^  and  "repairs  of 
vessels." 

It  has  been  the  (mstom  of  tlie  disbursing  office  from  time  to  time,  as 
points  arose  in  the  adjustment  of  accounts  or  new  decisions  thereon 
were  made  by  the  accounting  officials,  to  change  the  terms  of  these 
directions  so  as  to  have  them  correspond  to  the  new  conditions.  Such 
changes  are  msule  usually  when  a  new  edition  of  any  particular  form  is 
required  for  issue. 

A  few  additional  suggestions  or  comments  may  not  be  out  of  place  in 
this  connection,  in  view  of  their  bearing  upon  individual  responsibility 
and  the  saving  of  much  unnecessary  loss  of  time  and  useless  labor. 

Whenever  practicable,  it  is  recommended  that  chiefs  of  parties  deposit 
the  moneys  advanced  to  them  for  party  and  other  expenses  in  some 
regularly  designated  governmental  depository,  if  too  remote  to  open  an 
account  with  the  Treasurer  or  a  subtreasury.  A  list  of  designated 
depositories  for  public  moneys  among  the  national  banks  located  in 
every  State  and  Territory  in  the  Tnion  will  be  furnished  by  the  dis- 
bursing office  upon  application.  The  particular  advantage  of  this  plan 
is  that  it  Avill  save  chiefs  of  parties  much  trouble  in  their  dealings  with 
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incorporated  or  unincorporated  companies  in  the  matter  of  obtaining 
certiflcates  of  authority  for  officers  to  sign  for  the  companies.  Such 
accounts,  when  paid  by  a  check  drawn  on  the  Treasurer,  Assistant 
Treasurer,  or  other  dei)ository  of  the  United  States,  in  the  name  of  the 
corporation  as  payee,  stating  such  fact  on  the  face  of  the  voucher  and 
giving  the  number  of  the  check,  will  not  require  evidence  of  authority 
for  signature  to  be  filed  with  them.  One  of  the  advantages  of  keeping 
moneys  advanced  on  deposit  with  a  governmental  depository  is  thus 
made  apparent.  Another  is  that  it  afibrds  a  complete  record  of  all  dis- 
bursements, as  the  checks  drawn  on  a  governmental  depository,  when 
presented  and  paid,  are  not  returned  to  the  officer  issuing  them,  but  are 
permanently  retained  in  the  files  of  the  depository.  It  is,  of  course, 
understood  that  in  many  cases  this  course  of  making  deposits  can  not 
be  adopted,  owing  to  the  remote  and  isolated  locations  of  the  field  work. 
Under  such  conditions  the  chief  of  party  accepts  the  full  responsibility 
under  his  bond  for  the  safe-keeping  of  the  public  funds  intrusted  to  him. 

In  the  case  of  original  checks  lost,  stolen,  or  destroyed,  the  Revised 
Statutes  prescribe  that  a  duplicate  may  be  issued  after  the  expiration 
of  six  months  from  the  date  of  issue  of  the  original  check,  but  only 
under  such  regulations  as  may  be  adopted  by  the  Secretary  of  the 
Treasury.  The  depository  ui)on  which  drawn  should  be  at  once  notified 
of  the  loss  of  a  check,  and  request  made  that  payment  thereof  be 
stopped;  after  which,  chiefs  of  i)arties  should  make  application  to  the 
Superintendent  for  blank  forms  and  the  necessary  instructions  as  to  the 
method  of  procedure  to  be  followed  in  securing  a  duplicate  of  the  lost 
check. 

In  the  rendition  of  accounts  to  the  disbursing  agent  for  settlement, 
chiefs  of  i)arties  should  state  the  balances,  on  account  of  moneys 
advanced,  due  that  officer,  or,  it*  there  is  no  such  balance  due,  they 
should  state  the  amount  Avhich  may  be  due  them  upon  settlement.  In 
other  words,  each  chief  of  party  when  rendering  his  monthly  accounts 
should  transmit  Avith  them  an  account  cun^ent,  transcribed  from  his 
books,  showing  his  financial  status  with  the  Survey  based  upon  the 
moneys  advanced  him  and  the  amount  of  his  accounts  as  rendered. 
Form  10,  letter  transmitting  accounts,  will  be  found  by  chiefs  of  parties 
a  convenient  means  of  complying  with  the  routine  here  suggested. 

When  forwarding  moneys  as  an  advance  to  chiefs  of  parties,  or  when 
making  deposits  to  their  official  credit  at  any  governmental  depository, 
the  disbursing  agent  should,  in  his  transmitting  letters  andnotificar 
tionsof  such  action,  invariubly  state  the  amount  due  him  on  account 
of  advjinces,  at  the  date  thereof,  iiccording  to  his  books;  and  chiefs  of 
parties  should  be  careful  to  respoiid  to  such  statements  and  acknowl- 
edge or  correct  the  amounts  therein  stated.  Such  acknowledgments 
are  of  great  value  to  the  disbursing  agent  in  the  event  of  an  examina- 
tion of  his  office  by  Treasury  officials.  They  are,  moreover,  an  excel- 
lent check  in  the  event  of  errors  occurring  in  the  statement  of  balances. 


360  U.  S.  COAST  AND  GEODETIC  SURVEY. 

Correctness  in  entries,  extensions  and  additions  of  all  abstracts  and 
other  vouchers,  will  invariably  insure  a  more  sj^eedy  settlement  of  the 
accounts. 

If  the  observations  made  herein  in  relation  to  the  disbursement  of 
public  moneys  and  the  methods  of  a<*counting  for  the  same  prove  of 
service,  the  purpose  of  this  paper  will  have  been  attained. 

John  W.  Parsons, 

Disbursing  Agent 


REPORT  OF  COMMITTEE  I,  ON  THE  MEASUREMENT  OF  ARCS. 

The  measurements  of  arcs  of  the  earth's  surface  are  indispensable  for 
the  determination  of  a  geometrical  figure  which  in  shape  and  size  should 
approximate  most  closely  to  the  figure  of  the  earth  as  a  whole.  Such 
measures  have  been  undertaken,  either  expressly  or  only  indirectly,  in 
connection  with  surveys  made  by  leading  nations  within  the  boundaries 
of  their  countries;  and  in  the  latter  case  either  the  general  figure  or 
one  more  closely  fitting  the  actual  region  was  made  use  of  foi  the 
development  of  the  tnangulation  on  the  limited  part  of  the  surface. 

It  is  otherwise  when  large  areas,  such  as  the  surface  of  Korth  America, 
or  even  that  covered  by  the  territory  of  tlie  United  States,  are  concerned. 
Here  Jbhe  importance  of  the  measurement  of  arcs  becomes  apparent  in 
order  to  furnish  the  shax>e  and  dimensions  of  that  geometric  osculatory 
figure  which  best  represents  the  particular  surface  in  question  and 
upon  which  it  is  desired  to  develop  the  triangiilation,  which  latter  is 
the  foundation  for  exact  measures  of  relative  geographic  position  on 
the  earth's  surface. 

Until  the  representative  or  special  figure  can  be  determined,  and  as 
a  means  of  furnishing  the  needed  material  for  its  elucidation,  the  work 
of  the  triangiilation,  constituting  the  basis  of  a  survey,  can  (as  in  the 
case  of  the  Coast  and  Geodetic  Survey  of  the  United  States)  be  prose 
cuted  by  making  use  of  a  spheroid  fairly  approximating  to  the  earth's 
figure.  The  resulting  i)ositions  can  and  do  have  a  satisfactory  degree 
of  accuracy.  Hence  it  will  be  seen  that  the  measurement  of  arcs  may 
be  regarded  as  in  a  measure  incidental  to  the  operations  of  a  trigono- 
metrical survey  of  an  extended  country. 

In  this  way  originated  the  several  arcs  developed  by  the  Coast  and 
Geodetic  Survey  up  to  this  time.  Other  prospective  arcs,  more  or  less 
desirable  or  feasible,  will  be  i>ointed  out  further  on. 

A  further  reason  why  this  Conference  has  taken  into  consideration 
the  matter  of  arc  measures  is  the  circumstance  that  by  joining  the 
International  Geodetic  Association  for  the  measurement  of  arcs* — in 
other  words,  for  the  determination  of  the  earth's  figure — the  United 
States  have  incurred  certain  scientitic  obligations  which  demand 
attention  from  this  Survey. 


*  See  act  of  CongreBA  of  February  5,  1889. 
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For  convenience  and  distinction  arcs  may  be  classified  as  arcs  of  the 
meridian,  of  tbe  parallel,  and  oblitjue  arcs.  Of  these  the  first  and 
second  are  now,  since  the  introduction  of  the  telegraphic  method  of 
measuring  differences  of  longitude,  of  nearly  equal  importance  as  far 
as  obtainable  accuracy  is  concerned.  The  third  class  may  be  regarded, 
theoretically  at  least,  as  composed  of  part  of  the  first  and  part  of  the 
second  kind. 

The  value  of  an  arc  depends  mainly  on  its  extent,  position  (with 
respect  to  latitude),  accuracy  of  measure,  and  number  of  subdivisions. 
The  more  numerous  the  latter  the  greater  the  chance  that  the  local 
deflections  of  the  vertical  may  be  neutralized  and  the  results  be  freed 
from  a  source  of  error  which  up  to  this  time  has  been  the  main  cause 
of  discord  subsisting  between  the  several  arc  measures  as  well  as 
between  their  several  parts  when  combined  for  a  resulting  geometric 
figure. 

This  paper  has  no  space  nor  is  there  the  least  necessity  for  going 
into  the  history  of  arc  measures,  or  even  to  refer  to  the  great  measures 
accomplished  by  England,  France,  and  Kussia,  and  our  remarks  will 
be  confined  to  the  subject-matter  in  relation  to  the  Coast  and  Geodetic 
Survey. 

A  few  arcs  have  so  far  been  measured  in  this  country,  but  none  have 
been  completed,  or,  at  least,  all  are  capable  of  extension.  Appendix 
No.  6  of  the  Coast  Survey  Report  for  1877  contains  an  account  of  two, 
both  of  the  meridian :  The  Nantucket  arc,  S^'Sl  in  length,  with  6  sub- 
divisions; the  Pamlico-Chesapeake  arc,  40'52  in  length,  with  13  subdi- 
visions; and  in  order  to  obta,in  some  information  as  to  the  curvature 
of  the  surface  in  these  parts  these  were  O/Ombined  with  the  Peruvian 
arc,  30*12  in  extent  and  witliout  subdivisions.  No  specific  difference 
in  the  curvature  of  the  Western  Hemisphere  from  that  of  the  Eastern 
was  indicatx*d,  but  a  change  from  the  use  of  the  Besselian  si)heroid  of 
revolution  (of  1841)  to  that  of  Clarke  (of  186(1)  was  indicated  by  the 
above  combination  as  desirable.  The  substitution  of  the  latter  figure 
for  the  development  of  our  triangulation  was  approved  by  the  Superin- 
tendent on  February  4,  1880.  No  publication  has  yet  been  made  of 
the  oblique  arc  extending  along  the  North  Atlantic  coast  from  the 
Canadian  boundary  to  the  Gulf  of  Mexico.  The  length  of  the  com- 
pleted part  between  Eastport,  Me.,  and  Montgomery,  Ala.,  is  nearly 
2IJ0,  or  about  2  262  kilometres.  It  will,  when  extended  to  the  Gulf, 
reach  22^°,  and  possibly  it  may  be  extended  northeasterly  through  the 
Dominion  of  Canada  to  Cape  Breton  Island.  A  preliminary  computa- 
tion of  part  of  this  arc  also  favored  the  change  of  the  spheriod  of 
reference  mentioned  above.  In  volume  No.  24  of  Professional  Papers 
by  the  United  States  Engineers*  the  United  States  Lake  Survey  gives 
the  rcnsults  of  the  measure  of  two  arcs,  one  a  meridional  one,  between 


"Primary  Triangulation,  U.  S.  Lake  Survey.  Washington,  D.  C,  1882. 
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St.  Iguace,  on  the  northern  shore  of  Lake  Superior,  and  Parkersburg, 
Ind.  Its  length  is  10o«21,  with  9  subdivisions.  The  other  arc  is  con- 
siderably inclined  to  the  parallel  and  extends  over  llo«79  of  longitude, 
fipom  Willow  Spring,  near  Chicago,  111.,  to  Mannsville,  at  the  east  end 
of  Lake  Ontario,  New  York.  It  is  composed  of  3  sub-aics.  The 
meridional  arc  will  in  time  be  extended  to  the  Gulf  of  Mexico. 

The  old  arc  of  1764  in  Maryland  and  Delaware,  known  as  Mason 
and  Dixon's  Line,  here  deserves  but  a  passing  mention  as  the  first  arc 
measured  in  North  America.  It  was  1^'4S  in  length,  and  was  measured 
with  wooden  rods  throughout.* 

The  desirability  and  necessity  of  a  geodetic  connection  of  the  triau- 
gulations  of  the  Atlantic  and  Pacific  coasts  were  first  pointed  out  in 
1870  by  the  then  Superintendent  of  the  Survey,  Prof.  Benjamin  Peirce. 
(See  Coast  Survey  Report  for  1870,  p.  4.)  In  the  following  year  the 
measurement  of  the  parallel  of  .'^9°  between  Cape  May,  New  Jersey, 
and  Point  Arena,  California,  was  commenced,  and  at  the  time  of  writ- 
ing (January,  1894)  but  a  small  gap  of  triangulation  west  of  Pikes 
Peak,  Colorado,  remains  to  be  filled  up.  The  total  length  of  this  arc 
of  the  parallel  is  480'78  of  longitude,  or  about  4  220  kilometres  (very 
nearly  2626  statute  miles).  It  is  subdivided  at  present  into  19  sub- 
arcs,  for  all  of  which  the  telegraphic  longitude  work  is  completed.  In- 
terspersed in  this  triangulation  ai*e  a  great  number  of  astronomical 
latitude  and  azimuth  stations;  and  a  series  oi  base  lines,  some  yet  to 
be  measured,  sustain  the  accuracy  of  the  linear  dimensions. 

For  the  measure  of  the  earth's  curvature  at  right  angles  to  the  above 
parallel  an  arc  of  the  meridian  in  about  longitude  98'^  west  of  Green- 
wich has  been  proposed.  Of  this  central  arc  220'92,  or  2  544  kilome- 
tres, will  be  within  the  boundaiies  of  the  United  States,  between  the 
Rio  Grande  and  the  northern  boundary.  It  is  capable  of  extension 
southward  10^,  through  Mexico  to  the  Pacific  Ocean  at  Point  Sacrificios, 
and  northward  through  Canada  and  the  British  Possessions  to  an  un- 
known distance.  An  arc  of  the  meridian  in  longitude  112°  may  be 
suggested;  of  this,  3°  have  alrea<ly  been  measured  in  the  vicinity  of 
Salt  Lake,  Utah. 

On  the  western  coast  an  arc  of  the  meridian  can  be  established  in 
longitude  1204*^,  from  the  Santa  Barbara  Channel  to  the  northern 
boundary  or  the  United  States,  a  distance  of  about  15o.  That  part  of 
the  boundary  of  California  and  Kevswla  oblique  to  the  meridian  would 
lend  itself  well  to  an  inclined  arc  about  5^^  in  length,  with  a  capacity 
of  extension  to  l^o  within  <mr  boundary. 

Besides  the  central  arc  of  the  parallel  already  referred  to,  two  other 
arcs  of  the  parallel  of  great  longitudinal  extent  have  been  projected, 
viz,  the  northern  one,  in  latitude  46^,  and  the  southern  one,  in  latitude 
330.  (See  accompanying  map,  illustration  No.  14,  on  which  the  several 
arcs  are  located.) 


*  Phil.  Tran«.  Koy.  Soc.  for  17G8. 
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The  desirability  of  a  remeasureineiit  and  extension  of  the  arc  of 
Peru  (1735-1743)  was  pointed  out  in  1877,»  and  again  in  1889.t  Fortu- 
nately for  the  progress  of  geodesy,  this  arc  appears  to  be  nearly  correct; 
otherwise,  by  reason  of  the  i)ossible  effect  of  local  deflections  of  the 
vertical  at  its  two  terminal  latitude  stations,  it  might  have  exercised  a 
retarding  influence. 

Researches  respecting  the  earth\s  figure  made  since  the  publication 
of  Captain  darkens  Dimensions  of  the  Spheroid  (London,  18G6)|,  which 
were  adopted  by  this  Survey,  give  smaller  values  than  ^^-^1  foi*  the 

a  —  c 
compression  — ~— . 

Dr.  Helmert,  in  1887,  gives  for  his  reference  spheroid  sW^tit*  F.  Tis- 
serand,  in  his  Traits  de  M^chanique  Celeste,  Tome  II,  Paris,  1891,  shows 
that  under  certain  plausible  hypotheses  as  to  increase  of  density  with 
depths  and  as  to  original  fluidity  the  flattening  can  not  exceed  ^9^79 
and  Prof.  W.  Ilarkness  in  his  essay,  <<The  solar  parallax  and  its  related 
constants,"  Washington,  D.  C,  1891,  arrives  at  the  result  ^n^a-hrr'STij 
thus  approximating  again  to  the  values  assigned  in  earlier  times  by 
Airy  (1830)  and  Bessel  (1841),  about  ^^^-r^. 

The  Conference  recommends  that  the  spheroid  adopted  by  the  Survey 
be  adhered  to  as  being  sufliciently  close  to  any  other  value  that  could 
now  be  assigned  or  is  likely  to  be  assigned  in  the  near  future,  and  that 
the  subject  of  the  arc  measures  be  kept  in  prominent  view  in  connec- 
tion with  the  progress  of  the  Survey;  also  that  all  linear  measures  be 
expressed  in  terms  of  the  prototype  metre  and  that  a  direct  compar- 
ison be  made  of  the  lengths  of  the  committee  metre  and  the  national 
prototype. 

Kespectfully  submitted  to  the  Geodetic  Conference. 

Chas.  a.  Schott,  Cliairman. 

G.  li.  Putnam,  Secretary. 
January  23, 1894. 


t^EPORT  OF  COMMITTEE  J  ON  MAGNETICS. 

A  study  of  the  laws  goveruiug  the  various  magnetic  forces  is  natu- 
rally connected  with  the  work  of  the  Coast  and  Geodetic  Survey,  and 
a  thorough  knowledge  of  them  is  indispensable  in  order — 

1.  To  supply  its  charts  with  information  of  the  magnetic  variations 
at  the  dates  of  issue,  together  with  the  prospexjtive  annual  change. 

2.  Incidentally  to  facilitate  the  proper  adjustment  of  the  compass 


•  Coa«t  Survey  Re]»ort  for  1877,  i».  05. 

t  Coast  fiud  Geodetic  Survey  Report  for  1889,  Appendix  No.  7. 
tViz:  o=^6in82<Mi-4"'  \  which  we  now  take  as  expreBfled  in  terms  of  the  lutenia- 
c  =  r>;J50583'8    S      tioiijil  Metre. 
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in  ascertaining  local  deviation  on  board  ship,  for  heeling,  and  different 
positions  of  the  vessel. 

For  these  and  other  pnrx)ose8  it  is  necessary  to  study  the  laws  of 
terrestrial  magnetism  as  well  as  determine  absolutely  its  several  forms 
or  components  of  declination,  dip,  and  intensity.  The  distribution  of 
this  force  is  dependent  not  alone  upon  the  time  and  the  geographical 
position,  but  is  influenced  by  many  local  disturbances ;  hence  the  imper- 
ative necessity,  in  order  to  supply  our  charts  with  compass  bearings, 
that  the  study  of  magnetism  should  cover  at  least  the  entire  seacoast 
of  the  United  States;  and  in  order  to  produce  the  lines  defining  the 
direction  and  intensity  of  these  forces  to  the  required  limit  seaward  for 
a  certain  epoch  there  arises  the  further  need  of  extending  tbe  observa- 
tions a  sufficient  distance  inland. 

3.  To  meet  the  constant  demand  made  upon  the  Survey  by  surveyors, 
engineers,  and  courts  of  law  in  every  part  of  the  country  for  informa- 
tion, generally  for  the  recovery  of  old  lines  or  landmarks.  And  for 
this  purpose  a  further  and  more  complete  study  of  these  forces,  cover- 
ing the  entire  area  of  the  country,  is  demanded. 

4.  To  meet  the  necessity  for  an  accurate  knowledge  of  the  dip  and 
intensity  of  the  magnetic  force  arising  from  the  researches  of  science 
and  the  practical  application  of  them  by  electricians  in  the  measure- 
ment of  the  closely  allied  forces  of  electricity. 

To  meet  these  demands  it  is  obviously  important  to  construct  from 
time  to  time  (say  once  each  ten  years)  isomagnetic  charts  to  represent 
the  then  existing  state  of  distribution  of  this  still  mysterious  force. 

The  Survey  has  already — 

1.  Made  direct  observations  of  declination,  dip,  and  horizontal  force 
in  many  widely  distributed  places. 

2.  It  has  carefully  collected  observations  from  all  available  sources 
whatever,  from  the  earliest  to  the  present  time. 

3.  It  has  made  a  special  study  of  the  laws  of  terrestrial  magnetism 
by  means  of  photographic  registration  at  esx)ecially  selected  places,  to 
be  changed  after  about  seven  years  of  continuous  occupation  to  a  new 
place  (so  as  to  cover  at  least  more  than  one-half  of  the  sun-spot  period), 
and  always  placed  in  localities  most  remote  from  those  where  the  best 
magnetic  observations  had  previously  been  made.  Except  the  occa- 
sional changing  of  stations  for  photographic  registration,  this  is  in 
conformity  with  the  practice  in  other  countries. 

4.  It  has  afforded  assistance  to  magnetic  surveys  undertaken  by 
States  or  private  individuals  by  the  loan  of  instruments  and  in  other 

ways. 

5.  It  has  endeavored  to  elucidate  the  multii}licity  of  laws  governing 
these  forces  and  to  disseminate  them  for  general  information  in  the 
publications  of  the  Survey. 
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METHODS  AND  INSTRUMENTS  OF  THE  COAST  AND  GEODETIC  SURVEY 
AS  COMPARED  WITH  THOSE  OF  OTHER  COUNTRIES. 

Since  the  time  of  the  g^eat  physicist  Gilbert  of  Colchester,  who 
showed  the  earth  to  be  a  great  magnet,  abont  the  year  1600,  magnetic 
theories  and  graphical  results  have  been  diligently  worked  out;  and 
as  time  has  passed  these  efforts  have  been  more  minute  and  complete. 

Magnetic  observations  have  been  systematically  carried  on  in  Great 
Britain,  France,  Austria,  Germany,  Russia,  Japan,  India,  Australia, 
Mexico,  Canada,  the  United  States,  and  other  countries.  They  also 
formed  part  of  the  programme  of  every  scientifically  organized  Arctic 
expedition;  and  the  United  States,  in  the  years  1881-1884,  assumed 
the  responsibility  of  occupying  two  of  the  stations  of  the  cordon  which, 
under  international  auspices,  girdled  the  pole  for  the  purpose  of  study- 
ing, among  other  points  of  physical  interest,  the  laws  of  magnetism  in 
that  important  region. 

In  this  country,  in  addition  to  the  work  of  the  Coast  and  Geodetic 
Survey,  Kew  Jersey  has  been  surveyed  magnetically  by  the  State,  and 
the  State  of  Missouri  by  individual  enterprise.  A  report  on  the  last 
has  been  published  by  Prof.  F.  E.  Nipher. 

The  instruments  employed  in  these  surveys  are  essentially  similar  in 
principle,  although  difiering  in  the  detail  of  construction  as  well  as  in 
size  and  weight. 

There  is  no  means  of  deciding  as  to  the  relative  values  of  the  results 
obtained  in  diiferent  countries,  and  any  comparison  must  deal  with 
methods  and  instruments  only. 

A  description  of  some  of  the  instruments  used  in  other  countries 
may  be  interesting,  and  for  this  purpose  some  of  the  instruments  used 
in  Russia,  England,  Italy,  and  France  have  been  selected.  All  are  of 
recent  date. 

The  Russian  Universal  instrument  is  described  by  Dr.  Wild  in  the 
publications  of  the  Imperial  Academy  of  Sciences.*  It  is  remarkable 
for  great  size  among  other  instruments  of  the  kind,  carrying  20*^"* 
(8-inch)  azimuth  and  vertical  circles,  the  torsion  head  rising  a  full 
metre  above  the  leveling  foot  screws.  The  tele^scope  is  firmly  attached 
to  an  elliptical  collar  at  one  end  of  its  greater  axis.  A  hollow  cylindrical 
counterpoise  is  attached  to  the  opposite  end  of  the  axis.  The  axes  of 
the  telescope  are  at  the  ends  of  the  shorter  axes  and  rest  in  Y's.  The 
axes  are  extended  beyond  the  Y's,  and  carry  on  one  end  a  vertical 
circle  and  on  the  other  two  long  arms  immovably  secured  to  the  axis, 
which  carry  two  microscopes  180°  apart  for  pointing  upon  the  ends  of 
the  needle  when  observing  the  dip  or  inclination  of  the  needle.  A 
broad  horizontal  support  at  the  base  of  the  Y  supports  carries  at  one 
end,  outside  the  Y's,  a  clamp  and  verniers,  and  at  the  opposite  end  a 
circular  metallic  case  in  which  is  mounted  the  dip  needle,  while  on  the 


Publications  of  Rassian  Imperial  Academy  of  Scieuces,  1872,  Part  III,  No.  2. 
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center  of  the  sapport,  aud  rising  through  the  elliptical  collar  of  the 
telescope,  is  the  box  containing  a  declination  needle,  surmounted  by 
the  long  tube  supi^orting  the  needle.  The  stirrup  carrying  the  magnet 
is  provided  with  a  mirror,  perpendicular  and  at  right  angles  to  the 
axis  of  the  magnet.  When  observing,  a  pointing  is  made  by  observing 
the  cross  threads,  illuminated  by  a  ray  of  light  (which  enters  the  tele- 
scope through  a  slit  near  the  eye),  reflected  by  the  mirror  to  the  eye. 
The  magnet  is  rectangular,  G*'"'  (2 J  inches)  long,  G»"'"  (^  inch)  wide, 
and  about  1«5°^  (^  inch)  thick,  fitting  snugly  in  an  opening  designed 
for  it.  A  collar  fitted  to  the  stirrup,  nearly  1  inch  above  the  magnet, 
carries  the  inertia  ring  during  oscillations.  To  reverse  the  magnet  the 
stirrup  and  mirror  are  reversed.  A  scale  in  the  focus  of  the  eyepiece 
of  the  telescope  serves  to  measure  the  length  of  vibrations,  etc.  In 
observations  for  inclination  the  telescoi>e  is  turned  in  the  Y's  until  the 
microscopes  at  one  end  of  the  axis  are  directly  over  the  poles  of  the 
needle,  when  the  angle  is  read  on  the  vertical  circle  on  the  other  end 
of  the  axis.  The  dip  needle  is  easily  lifted  and  reversed  by  a  clever 
device  without  opening  the  case,  which  has  a  glass  front.  When  ob- 
serving for  azimuth,  or  even  upon  the  mark,  the  box  containing  mag- 
net suspended  must  be  removed.  Ko  weight  is  given,  but  it  is  evident 
that  such  an  instrument,  properly  boxed,  would  perhaps  not  weigh 
less  than  70  kilogrammes  (154  x^ounds). 

The  objections  to  this  instrument,  if  the  brief  description  available 
has  been  rightly  understood,  are — 

1.  Its  great  weight. 

2.  The  necessity  of  removing  box  to  observe  mark  as  well  as  to 
observe  the  azimuth. 

3.  The  necessity  of  removing  suspension  tube  in  order  to  suspend  or 
remove  the  magnet. 

4.  The  instability  of  the  microscopes  for  poi  uting  on  the  dip  needle 
TheJBnglUih  instrumenf^  is.mounted  on  a  principle  essentially  the  same 

as  the  Coast  and  Geodetic  Survey  magnetometer,  differing,  however,  in 
one  important  particular — the  telescope  is  fixed  in  a  horizontal  position 
and  pointing  to  the  center  of  suspension  of  the  declination  magnet, 
and  the  azimuth  of  the  sun  is  obtained  by  observing  its  image  reflected 
in  a  mirror.  The  magnets  are  similar  in  size  and  construction  to  those 
heretofore  used  in  this  country.  The  only  objections  to  this  instrument 
are:  The  necessity  in  this  country  for  securing  accurate  time  for  azi- 
muth by  observations,  thus  requiring  another  instrument;  the  necessity 
of  placing  the  mark  in  the  horizontal  plane  of  the  telesco[)e,  which  is 
seldom  convenient,  and  the  difficulty  and  annoyance  attending  the 
adjustment  of  the  mirror. 

TheKew  dip  circle,  used  both  in  England  and  America,  is  too  familiar 
to  require  any  description.  The  weight  of  the  magnetometer  in  its  box 
is  about  23  kilogrammes  (50  i^ounds). 


EncyclopuBdia  Britannica. 
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The  magnetometer  used  hy  the  French*  is  quite  different  iii  detail  from 
any  other.  It  is  also  an  altazimuth  instrument,  and  reciuires  no  chang- 
ing or  removing  of  any  of  its  parts.  The  circles  are  8«"»  (3'15  inches) 
in  diameter,  graduated  to  half  degrees,  and  read  by  verniers  to  min- 
utes. A  rectangular  frame  on  the  axis  of  the  azimuth  circle  carries 
all  the  other  parts  on  one  side,  and  outside  the  telescope  is  mounted, 
and  attached  to  its  axis  is  the  vertical  circle.  Also  attached  to  the  a^ 
of  the  telescope,  and  rigidly  adjusted  parallel  to  it,  is  an  index  arm,  at 
the  end  of  which  is  a  silvered  index  having  three  equidistant  lines 
drawn  perpendicularly  on  its  outer  face,  and  a  single  line  just  opi)osite 
the  center  line  on  its  inner  surface.  The  magnet  is  a  solid  cylinder 
g.5cm  loug,  4"»°*  in  diameter,  and  weighs  about  7'5  grammes.  Its  ends 
are  slightly  concave  and  x>olished  to  a  reflecting  surface.  There  is  a 
microscope  for  i>ointing  on  each  end  of  the  magnet.  A  single  fiber  of 
silk  about  11*^™  (4-33  inches)  long  suspends  the  magnet.  Observations 
for  declination  are  made  by  bringing  the  line  on  the  inside  of  the  index, 
as  reflected  from  the  mirror  end  of  the  magnet,  to  coincide  with  the 
middle  line  on  the  outside  of  the  index  when  seen  through  the  micro- 
scopes; and  pointings  are  made  on  the  mark  or  on  the  sun  for  azimuth 
with  the  telescope.  Inasmuch  as  the  needle  and  the  mark  are  observed 
with  diflerent  lines  of  sight,  it  is  evident  that  with  the  best  adjustment 
there  must  remain  some  uncertainty  of  their  parallelism;  and  this  index 
error  couhl  only  be  determined  by  observing  at  a  well-determined 
station.  The  principal  mechanical  objection  to  this  instrument  is  this 
index  eiTor  and  the  danger  that  it  may  not  remain  constant.  Another 
objection  is  the  use  of  glass  to  protect  the  magnet  from  air  currents, 
dust,  etc. 

The  French  dip  circle  has  also  two  circles,  vertical  and  azimuth,  each 
30m  (345  inches)  in  diameter.  An  arm,  carrying  concave  mirrors,  is 
swung  around  under  the  point  of  the  needle,  and  the  circle,  to  which  the 
microscopes  are  rigidly  attached,  is  turned  by  a  slow-motioned  screw 
until  the  points,  as  reflected  from  the  zero  mark  on  the  mirrors,  coincide 
with  the  i)oint  seen  direct,  thus  insuring  a  most  accurate  pointing,  free 
from  parallax.  This  is  most  excellent  in  theory,  but  in  practice  it  is 
probable  that  the  unsteadiness  of  the  needle  will  exceed  the  probable 
error  of  a  pointing  on  it  by  other  methods.  This  instrument,  packed 
in  its  case,  weighs  only  2  kilogrammes  (4  pounds). 

A  magnetometer  used  in  Italy  \  presents  at  least  one  novel  feature.  It 
is  an  altazimuth  instrument,  constructed  much  like  ours,  except  that 
a  broken  telescope  is  used.  This  permits  the  telescope  to  be  revolved 
in  its  Y's,  and  a  mark  may  be  observed  at  a  point  opposite  to  the  mag- 
net without  disturbing  the  box. 


*  Moreaax,  Map^notic  Elomento  iu  France,  1885.     See  also  Nature  for  Jan.  12, 1888. 
t  Pabllcatious  of  the  Royal  Observatory  at  Moflena,  1893,  No.  1. 
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The  magnetometer  of  the  Coast  aud  Geodetic  Survey  iu  its  usual 
form  has  been  described  elsewhere.*  The  latest  instruments  are  pro- 
vided with  magnets,  octagonal  in  form,  thus  facilitating  their  manipula- 
tion when  being  reversed  and  making  it  easier  to  place  tlie  inertia  ring. 
Another  improvement  is  the  removal  of  the  glass  from  the  box  front, 
and  the  employment  of  a  shutter  at  the  back  of  the  box,  which  may  be 
opened  when  observing  on  the  marfc.t  The  weight  of  the  new  luagne- 
tometers,  boxed,  the  box  containing  also  the  tripod  head,  is  about  18 
kilogrammes  (40  pounds).  Thedii)  circle  weighs  about  12  kilogrammes 
(25  pounds).  All  the  instruments  examined  have  suitable  provision 
for  deflections. 

It  will  be  seen  that  the  French  instruments  are  by  far  the  lightest 
of  those  examined.  They  are  also  the  simplest  in  construction.  They 
could  easily  be  carried  as  hand  baggage  when  moving  from  station  to 
station. 

Next  in  order  of  weight  and  fiicility  of  manipiUation  come  the  instru- 
ments of  the  Coast  and  Geodetic  Survey. 

The  lightness  and  simplicity  of  the  French  instruments  highly  com- 
mend them  for  work  in  a  country  like  ours,  where  cost  of  tninsportation 
is  a  most  important  part  of  the  expense  of  magnetic  surveys;  and  in 
order  to  give  them  a  fair  test  by  actual  use  we  recommend  the  purchase 
of  one  or  more  of  them  for  the  use  of  the  Coast  and  Geodetic  Survey. 

It  may  be  well  to  allude  to  the  compass  declinometer,  which  is  the  old 
azimuth  compass  in  a  slightly  new  dress,  dt^signed  to  measure  declina- 
tions only.  Properly  in  adjustment,  and  its  index  error  known,  this 
instrument  gives  very  accordant  iind  satisfactory  results. 

The  index  error  is  often  very  large  (more  than  1^,)  but  this  is  of  no 
consequence.  It  is,  however,  liable  to  change,  and  as  it  can  not  be 
determined  in  the  field  it  is  an  objectionable  feature. 

Comparison  has  been  made  at  the  oflice  respecting  the  moment  of 
inertia  of  the  magnet  and  its  appendages,  as  depending  on  computation 
from  known  dimensions  and  weights,  with  the  indirect  method  from 
oscillations,  with  and  without  the  inertia  ring.  Eesults  thus  far  have 
proved  that  the  two  methods  agree  within  about  2  per  cent  of  the  whole 
value.    Further  investigation  in  this  direction  will  be  made. 

METHODS  OF  MAKING  MAGNETIC  SURVEYS  IN  DIFFERENT  COUNTRIES. 

Countries  have  been  surveyed  magnetically,  either  by  a  rapidly  exe- 
cuted survey,  covering  the  entire  area  of  the  country  in  a  brief  period, 
with  the  expectation  of  repeating  the  surveys  after  an  interval  of  one- 
fourth  to  one-third  of  a  century,  thus  bringing  out  by  comparison  the 
secular  changes  due  to  the  interval;  or  observations  have  been  con- 
tinuously made,  and  the  results  were  gradually  collected,  reduced  to  the 
epoch  adopted,  and  discussed.  The  former  process  answers  well  for  a 
country  of  limited  extent,  as,  for  instance,  England  or  France,  where 


*  See  Coast  Sarvey  Report,  1881,  Appendix  8. 

tSee  magnetometer  used  iu  Japan,  described  in  the  Journal  of  the  College  of  Sci- 
ences^ Imperial  University  of  Japan,  Vol.  II,  Part  3, 1888. 
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this  method  has  been  employed^  but  for  the  great  area  of  the  United 
States  it  could  not  be  carried  out  within  a  reasonable  time,  say  in  from 
two  to  five  years.  The  second  method  was  therefore  lidopted  of  neces- 
sity. It  carries  with  it  the  continued  study  of  the  hiws  of  secular 
variation. 

It  is  very  important  in  selecting  sites  for  stations  to  avoid  all  prob- 
able disturbing  influences  from  railroads,  telegraph  and  telephone 
wires,  or  electric  car  or  light  wires;  and  also  to  consider  the  probabili- 
ties of  their  recovery  for  future  occupation.  These  considerations  x>oint 
to  the  necessity  for  the  selection  of  stations  outside  of  cities  or  villages. 

We  recommend  the  issue  as  soon  as  may  be  i)racticable  of  a  second 
edition  of  Directions  for  Measurement  of  Terrestrial  Magnetism,  con- 
taining such  modifications  and  a<lditions  as  new  or  improved  methods 
or  instniments  may  have  suggested. 

That  more  systematic  observations  of  all  the  magnetic  forces  be  made 
at  many  points  throughout  the  country  where  data  are  now  hicking;  in 
particular  throughout  the  States  of  California,  Oregon,  Washington, 
Idaho,  Montana,  and  the  Dakotas,  preferably  by  someone  who  shall 
devote  his  whole  time  to  this  work ;  also,  that  no  opi)ortunity  be  allowed 
to  pass  for  securing  observations  along  the  vast  coast  regions  of  Alaska, 
and  for  reoccupying  stations  for  collecting  necessary  data  for  determin- 
ing the  secular  change. 

That  as  soon  as  may  be  desirable  a  second  edition  of  the  igioclinic, 
isodynamic,  and  isogonic  curves  be  published  for  an  epoch  close  at  hand, 
say  1895  or  1900,  together  with  the  data,  the  method  of  discussion,  and 
explanations  of  the  results  and  theii*  uses. 

We  recommend  that  each  main  triangulation  and  astronomical  party 
be  supplied  with  a  complete  instnimental  outfit  for  determining  decli- 
nation, dip,  and  intensity;  and  also  that  all  other  triangulation  parties 
be  furnished  with  a  compass  declinometer,  and  that  observations  of 
declination  be  made  at  each  station  occupied. 

J.  J.  (jILBERT,  Chairman, 
R.  L.  Faris,  Secretary. 


REPORT  OF  COMMITTEE  K  ON  GRAVITY. 

The  study  of  the  force  of  gravity  as  a  part  of  the  geodetic  problem 
has  received  the  attention  of  the  Coast  and  Geodetic  Survey  for  some 
years,  and  although  its  work  in  the  past  has  in  a  measure  been  experi- 
mental  it  has  developed  instruments  and  methods  of  observation  which 
will  enable  it  to  enter  successfully  upon  extended  gravimetric  research 
at  less  cost  than  would  have  been  possible  with  the  older  i)rocesses,  and 
that  without  lowering  the  standard  of  lurcuracy.* 


•See  Determinations  of  Gravity,  by  T.  C.  Mcudouball,  Appendix  No.  ir>.  C.  and  G. 
Survey  Report  for  1891,  Part  II. 

S.  Ex.  19,  pt.  2 24 
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Ever  since  the  promulgation  by  Clairaat  of  his  celebrated  theorem, 
one  hundred  and  fifty  years  ago,  the  pendulum  has  been  regarded  as  a 
most  efficient  means  for  the  investigation  of  the  shape  of  the  earth.  It 
appears  to  be  the  general  opinion  of  the  enlightened  nations  of  the 
world  engaged  in  geodetic  operations  that  any  survey  that  would  dis- 
regard gravimetric  research  as  an  importiint  and  necessary  branch  of 
inquiry  would  fall  short  of  a  complete  geodetic  survey. 

The  earlier  gra\itational  work  of  the  Survey  wiis  of  necessity  of  an 
experimental  character,  as  stated  above,  involving  such  considerations 
as  the  character  of  the  pendulum,  with  respect  to  absolute  and  relative 
measures,  its  best  form,  size,  and  material,  as  well  as  the  method  of 
observing.  The  several  instrumental  reductions  to  normal  condition 
had  to  be  studied  both  theoretically  and  practically. 

At  this  stage  of  the  work  differential  comparison  of  gravity  between 
American  and  European  standard  stations  of  absolute  measures  were 
instituted,  and  in  connection  with  this  work  of  the  Survey,  in  187.1-76, 
it  had  become  evident  that  the  flexure  of  the  pendulum  support  during 
its  swings  was  a  grave  source  of  error.  It  accordingly  received  a  thor- 
ough investigation  so  Ihat  corrections  could  be  given  to  observations 
made  on  certain  stands  and  under  certain  conditions. 

Atthe  instance  of  the  Superintendent  of  the  Survey,  a  conference  on 
gravitation  measures  was  held  at  Washington,  D.  C,  in  May,  1882, 
having  for  its  object  to  devise  a  plan  for  the  prosecution  of  the  observa- 
tions and  for  the  improvement  of  the  i»en(lulum  apparatus. 

Your  committee  is  of  the  opinion  that  the  time  for  an  active  prose- 
cution of  field  work  has  come,  especially  as  the  Survey  is  now  well 
prepared,  both  by  experience  and  equipment,  to  carry  on  these  inves- 
tigations. Its  relation  to  the  International  Geodetic  Association  ren- 
ders it  desirable  that  this  Survey  should  conform,  as  far  as  may  be 
practicable,  to  the  general  plan  of  work  followed,  and  that  it  should 
therefore  contribute  its  share  to  the  gravity  research. 

That  determinations  of  gravity  are  essential  to  a  complete  geodetic 
survey,  as  well  as  of  great  interest  in  connection  with  geological  prob- 
lems, is  sufficiently  attested  by  the  action  shown  by  many  of  the  lead- 
ing nations  in  extending  their  gravimetric  surveys  in  recent  times. 

Thus  far  over  5(K)  stations  have  been  determined  in  various  i>arts  of 
the  world,  of  which  a  large  proportion  were  occupied  in  the  last  few 
years,  showing  the  active  increase  of  interest  in  these  researches.  In 
the  United  States  27  stations  have  been  determined  by  the  Coast  and 
Geodetic  Survey  and  9  by  foreign  observers.  The  Survey  has  also 
occupied  29  stations  in  foreign  countries,  taking  advantage  of  various 
astronomical  expeditions. 

The  English  have  made  a  series  of  determinations  in  their  country, 
and  have,  moreover,  sent  exi)editions  for  this  i)urpose  to  various  parts 
of  the  world.  In  India  they  have  carried  out  a  very  systematic  scheme 
of  gravity  work  in  connection  with  the  Great  Trigonometrical  Survey. 


f's  f',u7.sc  .,'xci.  (i^udfn.  vj  Haport  or  Geodetic  Con/cr-ervce.  No.  15 
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In  France  the  Service  G^ograpliique  lias  perfected  new  apparatus, 
and  has  made  a  series  of  pendulum  observations  in  various  partB  of 
France,  Algeria,  the  United  States,  and  other  countries. 

In  Austria  the  Geographische  Institut  has  made  numerous  deter- 
minations with  extremely  i)ortable  apparatus,  and  has  investigated 
particularly  the  effect  of  gravity  disturbances  on  lines  of  precise  level- 
ing, and  'also  the  question  of  the  density  of  the  earth.  Some  of  its 
appamtus  has  also  been  sent  to  the  far  north  on  naval  expeditions,  as 
well  as  to  other  countries. 

In  Eussia  systematic  gravity  observations  have  been  and  are  still 
being  made  in  connection  with  the  great  triangulation  scheme  of  that 
country.  Italy,  Sweden,  Switzerland  and  other  countries  are  carrying 
on  similar  investigations. 

Illustrations  Nos.  15, 16, 17,  indicate  the  location  of  stations  already 
determined  in  Europe,  the  United  States,  and  Alaska. 

DESCEIPTION   OF  APPABATUS. 

The  improved  pendulum  apparatus  of  the  Survey  was  designed  with 
a  special  view  to  its  j^ortability,  and  in  general  principles  is  a  modiiica- 
tion  of  that  used  in  Austria  by  Herr  von  Sterneck,  though  differing  in 
many  details.  (For  full  description  see  Appendix  Ko.  15,  Eeport  for 
1891.)  The  pendulums  have  a  period  of  about  half  a  second  and  are 
of  the  invariable  type,  being  designed  only  for  relative  determinations. 
The  periods  are  obtained  with  precision  by  observations  of  coincidences 
with  a  break-circuit  chronometer  by  means  of  electrical  and  optical 
devices.  The  pendulums,  of  which  three  constitute  a  set,  are  made  of 
alloy  of  copper  and  aluminum,  with  agate  plane  (swinging  on  an  agate 
knife  edge),  and  are  swung  in  an  air-tight  receiver  at  or  near  a  standard 
atmospheric  pressure.  Coefficients  for  temperature,  pressure,  and  elas- 
ticity of  support  have  been  determined  experimentally,  so  that  observa- 
tions may  be  reduced  to  uniform  conditions.  Arcs  of  oscillation  not 
exceeding  40'  (total)  are  now  used,  and  swings  of  four  hours  or  more 
may  be  observed  without  difficulty.  A  recent  improvement  permits  the 
arc  to  be  read  directly  in  the  observing  telescope.  Tlie  apparatus  may 
be  mounted  on  a  pier  or  operated  without  difficulty  directly  on  the  floor 
or  ground. 

The  method  of  observing  |)ermits  of  a  ready  application  of  the  tele- 
graphic plan  of  determining  the  difference  in  the  force  of  gravity  between 
two  places  (already  used  in  Europe) ;  that  is,  the  comx)arison  of  pendu- 
lums at  distant  stations  connected  by  wire  using  the  same  timepiece,  or, 
to  eliminate  change  in  the  line,  a  timepiece  at  each  station  alternately. 
Two  methods  of  using  the  apparatus  are  therefore  available.  In  the 
first  the  periods  of  a  set  of  pendulums  will  be  determined  at  a  base 
station  and  then  at  various  other  stations,  the  chronometer  being  rated 
by  time  observations.  In  the  second  two  sets  of  pendulums  at  distant 
stations  will  be  comx)ared  telegraphically,  starting  from  a  base  station 
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as  before.  As  the  second  plan  avoids  the  necessity  for  time  observa- 
tions and  the  errors  due  to  change  in  rate  of  chronometers,  it  is  of 
course  to  be  preferred  whenever  practicable.  In  either  case  the  deter- 
mination of  a  station  need  not  take  more  than  a  few  days. 

A  still  more  portable  apparatus  is  projiosed  and  is  now  being  con- 
structed, the  pendulums  having  a  period  of  but  one-fourth  of  a  second, 
and  the  various  x)arts  being  correspondingly  reduced  in  size, 

PROPOSED   OTTTLINK   OF  INVESTIG-ATIONS. 

The  following  general  outline  of  a  plan  for  a  gravimetric  survey  in 
connection  with  the  geodetic  operations  of  the  Coast  and  Geodetic  Sur- 
vey in  the  United  States  is  submitted  for  consideration : 

First.  To  ascertain  the  geographical  distribution  of  gravity  within 
the  United  States  with  respect  to  latitude,  elevation,  and  geological 
structure,  it  is  proposed  to  make  pendulum  observations  at  a  number 
of  stations  extending  from  the  mouth  of  the  Mississippi  up  its  valley 
to  the  shores  of  Lake  Michigan  and  the  northern  boundary,  and  also 
at  a  similar  series  of  stations  at  distances  of  about  1^  from  each  other 
along  the  thirty-ninth  parallel,  from  Cape  May  to  Point  Arena.*  It  is 
fdrther  suggested  that  a  number  of  localities  of  especial  interest  should 
be  investigated,  as  the  basin  of  the  i)rehi8toric  Lake  Bonneville,  the 
two  great  de])ressions  in  southern  California,  where  stations  may  be 
located  several  hundred  feet  below  the  sea  level,  some  of  the  great 
eroded  valleys  of  the  western  plateau,  the  volcanic  region  of  the  Yellow- 
stone Park,  and  the  vicinity  of  the  moutlis  of  the  large  silt-bearing 
rivers — the  Mississippi  and  the  Colorado.  Under  the  assumption  of  a 
rigid  crust,  the  enormous  quantities  of  alluvium  transported  and  dojios- 
ited  by  these  rivers  must,  on  account  of  a  specific  gravity  at  least  twice 
as  great  as  water,  show  quite  a  sensible  excess  of  gravity.  The  results 
from  these  stations,  if  studied  in  conjunction  with  corresponding  series 
of  observations  scattered  through  the  upper  drainage  basins  of  the 
Colorado  and  Missouri  rivers  and  along  the  crest  line  of  the  Continental 
Divide,  would  i)robably  not  fail  to  throw  much  light  upon  the  truth  or 
fallacy  of  the  doctrine  of  isostasy,  as  well  as  the  questions  in  regard  to 
the  deflection  of  the  jilumb  line.  The  doctrine  of  isosta^sy  has  claimed 
the  attention  of  geologists  to  such  an  extent,  in  conue(;tion  with  the 
continental  i)roblem,  that  the  proof  of  the  existence  or  nonexistence  of 
regions  in  which  there  is  an  excess  or  deficiency  of  gravity  within  the 
domain  of  the  United  States  would  not  fail  to  be  of  much  interest  to 
them.  The  behavior  of  gravity  over  the  continental  x>lateau,  rising 
locally  to  an  elevation  of  about  3  300"'  (11  000  feet)  and  more  above  the 
level  of  the  sea,  the  origin  of  these  plateaus,  their  permanency  or  rise 
and  fall  in  the  course  of  ages,  are  questions  which,  altliough  as  yet 
shrouded  in  mystery,  will  never  cease  to  claim  the  deepest  interest  not 


'For  outline  of  this  plau  see  Appendix  No.  22,  Ijeport  for  1882,  p.  509. 
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only  of  the  geologist  but  of  man  geuerally.  In  connection  with  this 
and  other  questions  of  interest,  it  is  proposed  to  establish  in  the  course 
of  time  a  number  of  base  stations  for  both  the  gravimetric  and  hypso- 
metric o]>eration8  of  the  Coast  and  Geodetic  Survey  for  future  refer- 
ence, which  will  be  determined  with  the  utmost  precision  attainable. 
A  number  of  such  base  stations  judiciously  distributed  over  the  coun- 
try and  i)ermanently  marked  and  referred  to  the  normal  level  of  the 
oceans  would,  in  the  judgment  of  the  committee,  form  a  valuable  heri- 
tage to  hand  down  to  posterity. 

In  the  selection  of  pendulum  stations  the  location  of  lines  of  precise 
levels  should  be  kept  in  view,  so  that  the  eflfect  of  gravity  irregulari- 
ties on  hypsometric  measurements  may  be  studied  and  corrected  for. 

Second.  Figure  of  the  earth.  As  in  the  present  state  of  our  knowl- 
edge the  reduction  to  the  sea  level  of  elevated  continental  pendulum 
stations  tends  to  introduce  into  the  results  an  element  of  uncertainty, 
it  is  proposed  to  restrict  the  location  of  stations  intended  for  the  deter- 
mination of  the  earth's  compression  to  the  sea  border  of  the  continents 
and  islands  of  tlie  United  States  and  Alaska,  so  as  to  obviate  the 
necessity  of  applying  a  reduction.  Results  thus  far  appeal*  to  indicate 
that  fairly  normal  conditions  exist  along  seashores.  The  large  range 
of  latitude  embraced  in  the  United  States  would  be  favorable  to  such 
an  investigation.  As  the  western  and  northern  shores  of  Alaska  are 
annually  visit-ed  by  commercial  and  Government  vessels,  it  is  suggested 
that  their  aid  would  be  valuable  in  establishing  a  few  stations  there. 
Work  of  this  nature  might  also  be  carried  on  in  connection  with  astro- 
nomical stations  that  may  be  needed  in  the  survey  of  the  Aleutian 
Islands  and  the  western  coast  of  Alaska. 

Although  a  precise  knowledge  of  the  absolute  force  of  gravity  is  not 
indispensable  to  the  application  of  the  results  of  relative  pendulum 
observations  to  the  various  purposes  mentioned,  yet  it  is  so  im]>ortant 
a  physical  (constant  and  of  such  great  scientific  interest  as  to  justify 
the  undertaking  of  such  determinations  at  a  few  base  stations,  which 
may  thereafter  be  used  as  reference  points  for  relative  observations. 

When  more  extended  pendulum  research  has  been  carried  out  in  the 
United  States,  it  would  probably  be  desirable  to  strengthen  the  connec- 
tion between  the  base  stations  in  this  country  and  those  in  Europe, 
using  the  same  apparatus  that  has  been  employed  here. 

It  is  not  yet  deemed  practicable  to  stat«  what  degree  of  precision 
may  be  or  should  be  reached  in  either  relative  or  absolute  work. 
Observations  at  a  station  should  be  continued  only  long  enough  to  rea- 
sonably eliminate  the  known  errors  of  observation.  In  the  present  state 
of  our  knowledge  multiplication  of  stations  is  to  be  preferred  to  great 
accuracy.  One  of  the  jmncipal  obstacles  to  rapid  and  correct  work  will 
be  thjB  rating  and  irregularity  of  the  chronometer,  and  it  is  suggested 
that  this  is  a  subject  thnt  should  receive  careful  consideration. 
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Ah  of  especial  interest  in  connection  with  this  report,  the  following 
conclusions,  which  were  adopted  by  a  conference  held  at  the  Coast  and 
Geodetic  Survey  in  1882,  are  appended:  • 

1.  The  maiu  object  of  pendulum  research  is  iIh  determination  of  the  figure  of  the 
earth.  lYoni  a  Hufllcieut  number  of  obHervations  Buitably  distributed  over  the  sur- 
face of  the  earth  the  actual  figure  inaj'  be  determined. 

2.  A  complete  geodetic  Rurvoy  should  includi^  determinatiouR  of  the  intenBity  of 
gravity.  These  detenninatious  should  be  made  at  as  many  critical  points  of  local 
detlertion  and' physical  Mtrncture  within  the  area  of  the  survey  an  possible;  and 
these  should  be  combined  with  otherR  distribute<l  over  the  whole  globe. 

3.  A  minute  gravimetric  survey  of  some  limited  rt'glon  is  at  present  of  such 
interest  as  to  justify  its  execution. 

4.  Extended  linear  gravimetric  exploration  is  desirable,  to  be  nltimately  followed 
by  similar  work  dintributed  over  large  areas. 

5.  Each  series  of  Huch  determinations  should  be  made  with  the  same  apparatus, 
so  that  the  <liflerential  results  should  not  be  afTeetefl  by  constant  errors  ])eculiar  to 
the  apparatus. 

6.  While  it  is  inadvisable  at  present  to  strictly  Ax  a  numerical  limit  of  the  per- 
missible probable  error  of  pendulum  work,  yet  such  determinations  ought  conmionly 
to  be  accurate  to  the  TTniVini  part. 

7.  Since  dilt'erent  pondulnms  may  be  used  in  ditl'erent  regions,  all  should  be  com- 
pared at  some  central  station. 

8.  Determinations  of  absolute  gravity  will  probably  prove  useful  in  comparing 
the  yard  and  the  metre,  and  they  should  at  any  rate  be  made  in  order  to  test  the 
constancy  of  the  length  of  a  metallic  bar. 

9.  In  the  i)resent  state  of  our  experiences  unchanged  pendulums  are  decidedly  to 
be  preferred  for  onlinary  explorations. 

William  Eimbeck,  Acting  Chairman. 
S.  B.  Tixslp:y,  Sarefary, 


REPORT  OF  COMMITTEE  L  ON  EQUIPMENT. 

For  convenience  the  subject  of  ''(Equipment"  has  been  considered 
under  the  following  heads  : 

I.  Operations  conducted  by  land. 

1.  In  a  thickly  settled  country; 

2.  In  a  sparselj*  settled  country; 

3.  In  an  undeveloped  country ; 

4.  [n  an  arid  (rountry. 

II.  Operations  conducteil  by  water. 

5.  On  inland  waters  in  a  settled  country; 

().  On  inland  waters  in  an  unsettled  country; 
7.  On  large  or  jiartly  landlocked  waters. 

I.  OPERATIONS  CONDUCTED  BY  LAND. 

1.  In  a  thicJcIy  settled  country  the  necessary  outfit,  beyond  the  instru- 
ments and  observatories,  is  coulined  to  a  few  tools,  etc.,  required  for 
signal  bulklin^,  mounting  of  instruments,  and  tlie  erection  of  observa- 


*See  Appendix  No.  22,  Keport  U.  S.  C.  and  (i.  S.  for  1882.  p.  r)Ui. 
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tones.    Transportation  in  the  field  can  be  hired  advantageously,  and 
board  obtained  near  the  scene  of  operations. 

2.  For  a  sparsely  settled  country  it  is  not  possible  to  make  very  defi- 
nite suggestions,  owing  to  the  great  diversity  of  circumstances.  For 
most  of  the  mountainous  regions  east  of  the  Mississippi  Eiver  a  camp- 
ing outfit  will  generally  be  needed  in  order  to  be  sufficiently  near  the 
stations.  The  camp  outfit  should  be  only  sufficient  for  the  actual  needs 
of  the  party,  but  should  not  be  so  restricted  as  to  endanger  health. 

The  equipage  should  be  so  selected  that  it  can  be  stowetl  very  com- 
pactly for  ready  transportation  from  station  to  station.  Teams  can  usu- 
ally be  hired  at  reasonable  rates  for  the  purpose  of  moving  camps. 

In  most  of  the  States  east  of  the  Eocky  Mountains  it  is  possible  to  do 
away  with  camp  outfits  entirely,  and  to  live  in  towns  or  villages,  or  at 
farmhouses  near  the  stations.  Such  places,  even  in  the  Appalachian 
mountain  region,  or  in  the  sparsely  settled  sections  west  of  the  Mis- 
sissippi, can  generally  be  found  within  5  miles  of  the  stations,  which 
distance,  unless  observations  are  made  at  night,  caitses  no  serious  incon- 
venience. Under  such  conditions  the  party  outfit  can  be  reduced  to  a 
minimum. 

On  the  triangulation  of  the  thirty-ninth  parallel,  in  western  Kansas 
and  eastern  Colorado,  the  work  was  done  under  the  foregoing  conditions. 
A  double  party  was  employed.  One  party  occupied  the  northern  sta- 
tions of  the  scheme,  while  the  other  party  occupied  the  southern  ones, 
each  party  consisting  of  three  persons.  For  means  of  transportation 
each  party  had  a  two-horse  si)ring  wagon,  which  carried  instruments 
and  outfit  from  station  to  station.  At  some  places,  where  sleeping 
quarters  could  not  be  furnished,  owing  to  the  smallness  of  the  sod 
houses  or  to  the  large  families  inhabiting  them,  it  was  found  to  be 
advisable  to  take  along  a  tent  or  two  for  the  sleeping  accommodations 
of  the  party.  At  such  times  an  additional  wagon  was  required  to  trans- 
port the  extra  outfit. 

3.  For  undeveloped  and  unsettled  country^  like  the  mountainous  regions 
of  the  West,  where  roads  are  few  and  far  between,  and  when  they  do 
exist  are  of  the  roughest  character,  and  a  great  portion  of  the  country 
can  only  bo  reaehed  by  trails,  many  of  which  have  to  be  opened  as  the 
work  progresses,  it  is  of  the  utmost  imi)ortance  to  have  the  outfit  and 
equipment  as  light  as  possible. 

For  reconnaissance  the  party  should  be  small,  consisting  of  a  chief, 
an  aid,  two  hands,  and  a  man  who  is  accustomed  to  outdoor  cooking. 

All  hands  should  be  able  to  ride,  drive,  pack,  and  care  for  animals. 
There  should  be  a  saddle  animal  for  each  member  of  the  party,  and  one 
pack  mule  for  every  two  men,  to  transport  the  camp  outfit,  supplies, 
instruments,  etc.  Where  roads  are  available,  a  light  wagon  will  be  of 
great  assistance. 

The  camp  outfit  should  consist  of  two  light  single-pole  pyramid 
tents,  the  poles  jointed  for  convenience  in  packing.    In  a  timbered 
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country  ir  will  be  unnecessary  to  transi)ort  i)ole8,  as  they  can  readily 
be  cut  when  required. 

Each  mem))er  of  the  party  should  have  two  pair  of  blankets  and  a 
canvas  cover.  Clothes  should  be  rolled  with  the  blanket  or  carried  in  a 
canvas  ba|^. 

For  a  regular  triangulation  party  the  outfit  can  be  increased  accord- 
ing to  the  size  of  the  i)arty  and  the  ri^iuirements  of  the  work.  Fold- 
ing camp  cots,  chairs,  tables,  and  other  convenuMices  can  be  added 
according  to  the  judgment  of  the  ollicer  in  charge  of  the  party;  but  it 
shouhl  always  be  remembered  that  transportation  is  one  of  the  prin- 
cipal items  of  expense,  and  therefore  the  outfit  should  be  kept  as  light 
as  ] possible. 

The  heliotroper's  equipment  should  consist  of  a  small  pyramid  or  A 
tent,  an  ax,  hat(»het,  and  the  necessary  cooking  utensils  for  one  or  two 
men,  as  required. 

In  an  arid  and  undercloped  country  a  party  must  carry  its  own  equi- 
page and  supplies,  and,  on  account  of  the  dillicnlty  and  exi)ense  of 
transportation,  should  bo  restricted  to  only  such  things  as  are  neces- 
saiy  for  the  prosecution  of  the  work,  subsistences  and  health  of  the 
members  of  the  party,  and  forage  for  the  animals. 

Great  can?  should  b<»  used  in  selecting  the  articles  for  such  an  outfit^ 
8i>  as  to  get  them  as  light  as  possible  and  of  a  form  convenient  for 
packing  into  a  small  spare. 

It  wouhl  be  useless  to  attempt  to  give  any  specific  direction  for 
etpiipmcnt  for  work  in  sections  like  the  region  under  consideration,  as 
it  will  necessarily  be  varied  in  diflerent  localities  an<l  must  depend 
upon  the  character  of  the  work,  etc.  The  following  general  considera- 
tions, which  are  the  fruit  of  the  experience  of  the  parties  employed  in 
the  main  triangulation  across  California,  Nevada,  Utah,  and  Colorado, 
however,  will  be  foun<l  advant.ageous  in  ne^irly  every  secrtion. 

In  order  to  avoid  the  necessity  of  carrying  along  too  many  tent 
poles,  a  tent  requiring  only  a  jointed  singh^  pole  slnmld  be  used. 

Whenever  i>racticable,  all  camj)  furniture  slionld  1m^  nnule  to  fold  and 
of  light  material.  Mess  outfit  and  cooking  utensils  should  be  selected 
withont  handles,  and  they  shcmld  be  of  such  a  form  as  to  be  conven- 
ient for  jiacking  into  nests. 

All  articles  that  are  likely  to  lu'c^ak  in  transjiortation  should  be  put 
into  boxes  of  proper  size  to  be  conveniently  carried  on  the  backs  of 
animals. 

In  case  heating  stoves  are  necessary,  they  should  be  nnide  of  strong 
sheet  iron  and  of  varying  sizes,  so  as  to  allow  several  of  them  to  nest 
in  one  jmckage.  Stovejjipes  should  be  made  to  telescope.  All  bed- 
ding should  be  carried  in  rolls  t)f  a  convenient  size  for  packing  upon 
mules,  and  a  canvas  covering  shonld  be  furnished  for  each  roll.  For 
temporary  camp  i)urp(»ses  a  cooking  bar  or  plate  nmy  be  carried. 
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For  the  purpose  of  carrying  water  upon  the  backs  of  mules  the 
ordinary  10-gallon  casks  or  canvas  water  pouches  will  be  found  useful. 
They  can  easily  be  x^laced  upon  a  common  pack  saddle. 

If  the  camp  equi])age  and  outfit  of  instruments  is  large,  as  in  case 
of  a  party  engaged  in  primary  triangulation,  it  will  be  found  advisable 
to  transport  everything,  as  far  as  i)ossible,  by  means  of  teams  and 
wagons,  which  can  usually  be  hired  temporaiily.  The  party  should  be 
supplied  with  one  light  wagon  and  a  number  of  mules  for  driving,  rid- 
ing, and  packing. 

It  will  often  be  found  necessary  to  carry  along  enough  water  to  last 
for  several  days.  In  case  wagons  are  used  for  transportation,  the  most 
convenient  method  for  carrying  it  will  be  in  45-gallon  barrels.  One 
should  be  lashed  between  eac*h  set  of  wheels,  on  the  outside  of  the 
wagon  box,  where  the  water  will  always  be  available  without  unload- 
ing the  wagon. 

In  starting  upon  a  long  journey,  which  may  last  for  a  number  of 
days,  the  party  should  be  i)repared  to  camp  whenever  niglit  may  over- 
take it,  and  such  articles  as  Jire  needed  for  bivouac  alcmg  the  road 
should  be  selected  and  placed  in  one  wagon,  so  as  to  avoid  the  necessity 
of  unloading  all  the  wagons  at  every  camping  place.  Among  such 
articles  might  be  mentioned  a  supply  of  provisions,  cooking  utensils, 
bedding,  supphes  for  animals,  cooking  bar  or  grate,  wood,  etc. 

In  a  reconnaissance  or  running  survey  large  wagons  may  be  used  as 
bases  of  supplies,  from  which  saddle  and  pack  animals  may  be  employed 
to  branch  oft*  in  order  to  reach  }K)ints  difficult  of  access. 

In  a  country  where  there  are  no  roads  and  it  is  impossible  to  travel 
with  wagons  and  teams,  a  pack  train,  ox>n8isting  of  mules,  equipped 
with  the  ordinary  pack  saddles,  becomes  necessary.  Sometimes  it  even 
becomes  necessary  to  carry  the  outfit  upon  the  backs  of  men,  and  for 
that  purpose  pack  straps  should  be  furnished. 

TI.   OPKUATIONS   CONDUCTKD   BY   WATER. 

5.  In  a  settled  country,  where  operations  can  be  carried  on  by  water, 
it  will  be  found  most  convenient  and  economical  to  establish  the  party 
at  some  boarding  place  as  near  as  ])ossible  to  the  field  of  work,  and 
use  boats  for  local  transportation.  It  will  cause  a  great  saving  of  time 
and  exi>ense  to  furnish  a  steam  launch  for  a  party  working  in  such  a 
locality. 

If  boarding  places  can  not  be  obtained  withont  necessitating  local 
transport«ation  for  a  distance  of  5  miles  or  more,  the  party  should  be 
furnished  with  floating  quarters  of  a  character  suita^ble  to  the  locality. 

0.  Land  transportation  in  a  region  that  is  unsettled  and  adjoining  partly 
landlocked  tcaters  is,  in  a  great  measure,  impracticable.  For  carrying 
on  work  in  such  localities  two  methods  of  procedure  are  possible — one 
by  using  small  vessels,  and  the  other  by  living  in  camps. 
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A  very  important  and  troublesome  feature— one  that  can  not  be  well 
avoided  in  work  in  this  kind  of  country — ^is  the  fact  that  the  source  of 
supplies  is  usually  at  a  long  distance  from  the  working  ground.  This 
necessitates  carrying  a  much  greater  stock  of  provisions,  etc.,  than 
would  be  advantageous  if  near  a  well-settled  country,  so  that  sufficient 
trausportation  and  storage  capacity  becomes  necessary  in  order  that 
the  regular  progress  of  the  work  be  not  interrupted  and  delayed  by 
occasional  journeys  for  procuring  supplies. 

If  the  field  to  be  covered  is  an  extensive  one,  it  is  undoubtedly  more 
economical  and  expeditious  to  work  from  a  vessel,  equipped  in  the  cus- 
tomary manner,  but  of  sufficient  size  only  to  afford  quarters  for  living 
and  storage  of  supplies  and  material  for  the  working  party.  Thus 
vessels  can  always  be  kept  on  or  contiguous  to  the  working  ground,  so 
that  but  little  time  will  be  lost  in  moving  camps.  On  account  of  the 
liability  of  the  provisions  being  spoiled  if  moved  in  rainy  weather, 
camps  necessarily  have  to  l>e  moved  during  weather  suitable  for  field 
work,  which  consumes  time  that  could  otherwise  be  devoted  to  continu- 
ous operations. 

After  it  is  decided  that  it  is  best  to  place  the  party  on  a  particular 
piece  of  work  afioat,  the  adoption  of  the  class  and  size  of  vessel  ought 
to  depend  ujwn  the  nature  of  the  waters — ^that  is,  whether  deep  or  shal- 
low and  whether  wholly  or  partially  protected — and  upon  the  size  of 
the  party.  In  some  instances,  where  the  waters  are  shoal  and  i>erfectly 
protected,  especially  on  the  New  Jersey  and  Florida  coasts  and  on  the 
Columbia  Eiver,  scows  or  flatboats  of  light  draft  with  quarters  built 
on  them  have  been  found  to  answer  the  purpose  of  party  accommoda- 
tion admirably.  Moving  from  place  to  place  can  be  effected  by  poling 
when  the  water  is  shoal  enough,  by  a  square  sail  when  the  wind  is  fair 
and  strong,  or,  better  still,  by  either  a  steam  or  naphtha  launch,  accord- 
ing to  the  circumstances. 

In  deep  and  exposed  waters  sailing  or  steam  vessels  of  seaworthy 
qualities  become  necessary.  In  localities  liable  to  much  calm  weather 
or  strong  tidal  currents  steam  vessels  would  be  advisable. 

If  the  area  to  be  surveyed  is  not  of  large  extent,  and  a  suitable  ves- 
sel is  not  on  hand  or  readily  available,  the  work  will  necessarily  have 
to  be  conducted  from  a  camp,  the  outfit  of  which  for  economy  and 
facility  in  moving  should  be  so  selected  as  to  be  stowed  very  compactly, 
and  to  be  as  light  as  the  conditions  of  climate  and  exposure  to  vicissi- 
tudes of  weather  will  i>ermit  without  endangering  the  health  of  the 
various  members  of  the  party.  In  either  case,  whether  working  from 
a  camp  or  vessel,  the  field  transiwrtation  will  be  by  water,  and  the 
"working  boats"  should  be  selected  with  regard  to  safety,  utility,  cost, 
and  maintenance,  all  of  which  depend  upon  the  nature  and  character 
of  the  waters.  Scarcely  anything  can  be  added  or  suggested  in  the 
way  of  improving  the  pulling  boats  generally  used  on  our  vessels.  For 
very  shoal  waters  specially  constructed,  smaU,  fiat-bottomed  boats  are 
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necessary,  the  design  and  size  of  which  must  depend  uxK)n  the  conditions 
in  each  particular  case,  and  their  selection  must  be  guided  largely  by 
the  experience  gained  in  similar  cases. 

Experience  has  shown  that  there  is  great  economy  in  the  use  of  suit- 
able launches,  varying  in  size  and  character  according  to  circumstances, 
on  account  of  the  rapidity  with  which  they  allow  the  field  party  to  move 
alK)ut,  and  the  facility  with  which  material  and  equipage  can  be  carried 
or  towed  by  them;  and  their  general  use  is  recommended.  In  this 
manner  the  number  of  the  crew  may  generally  be  decreased,  and  much 
valuable  time  be  saved. 

For  explorations  up  and  along  rapid  streams,  and  work  similar  to  the 
Alaskan  Boundary  Survey,  light  canoes,  like  the  PeterborOy  but  with 
good  beam  for  the  sake  of  safety,  are  desirable,  on  account  of  their 
extreme  lightness,  for  portage  from  one  channel  or  stream  to  another. 
Pulling  boats  of  very  light  draft,  but  of  strong  and  elastic  qualities, 
constructed  on  the  general  plan  of  what  are  termed  '<St.  Lawrence 
skifts,''  where  a  greater  carrying  capacity  than  that  of  the  canoes  men- 
tioned above  is  required,  are  often  desirable  on  account  of  their  great 
I)ort{ibility.  For  rough  field  usage  and  the  moving  of  camps  along 
rapid  streams  a  dcmble-shovel  nosed  skiff,  being  in  model  a  cross 
between  a  punt  and  a  batteau,  is  very  good  on  account  of  its  light  draft 
and  stable  qualities.  In  many  instances  Indian  canoes  are  excellent  for 
working  purposes. 

In  all  portions  of  the  country  where  there  are  protected  or  partially 
protected  waters  the  triangulation,  which  is  the  framework  or  founda- 
tion for  chart  construction,  is  closely  followed  by  the  topography  and 
hydrography.  Experience  has  shown  that  where  these  waters  are  not 
more  than  6  or  8  miles  in  width  there  is  great  economy  in  conducting 
all  three  classes  of  work  by  one  party  of  proper  size  and  equipment, 
operating  from  either  a  vessel  or  camp. 

7.  On  large  or  partly  protected  waters^  like  the  Straits  of  Fuca,  and 
especially  the  prospective  work  in  Alaska,  stanch  seagoing  vessels  are 
required. 

For  the  Straits  of  Fuca  and  tlie  triangulation  of  southeastern  Alaska 
types  of  existing  steamers,  of  the  class  of  100  tons  or  a  little  less, 
would  be  suitable.  For  their  safety,  on  account  of  the  strong  tidal 
currents,  they  should  have  a  speed  of  not  less  than  10  knots  per  hour. 
The  present  outfit  of  boats,  etc.,  of  this  class  of  vessels  will,  si>eaking 
in  general  terms,  meet  the  requirements  of  this  kind  of  work. 

For  the  work  in  Alaska  beyond  Sitka  a  steam  vessel  similar  in  size, 
si)eed,  and  equipment  to  the  one  just  mentioned  seems  desirable.  For 
economy  in  fuel,  and,  as  a  precaution  of  safety,  to  guard  as  much  as 
may  be  against  disaster  due  to  accident  to  the  macliinery,  it  seems 
advisable  that  she  be  full  schooner  rigged  and  also  a  good  sailer,  so 
that  during  heavy  weather  when  in  exi)osed  places  she  could  be  laid 
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to  under  sail,  thus  saving  a  good  deal  of  fuel,  which  would  have  to  be 
brought  from  a  long  distiince. 

In  conclusion,  your  committee  would  state  that,  owing  to  the  great 
variety  of  orographic,  economic,  and  climatic  conditions  in  a  country 
as  large  as  this,  it  is  impracticable  to  recommend  s])ecific  details  for 
the  numerous  varying  conditions  under  which  tlie  diii'erent  cla.sses  of 
work  are  executed. 

•    J.  F.  Pratt,  Chairman. 
A.  L.  Baldwin,  Secretary. 


SUPPLEMENT. 


LETTERS  FROM  ASSISTANTS  AND  OTHERS  ADDRESSED  TO  THE  CHAIR- 
MAN OF  THE  CONFERENCE. 


letter  from  aug.  f.  rodoers,  assistant. 

United  States  Coast  and  Geodetic  Survey, 

Suhofficey  San  Francisco^  CaLj  January  29^  1894. 

Appreciating  the  courtesy  of  the  chairman  and  gentlemen  of  the 
G^eodetic  Conference  assembled  in  Washington  in  inviting  me  by  the 
circular  of  January  to  give  my  views  in  writing  on  the  subjects  sug- 
gested to  the  Conference  by  the  Superintendent  for  discussion,  I  beg  to 
reply  as  follows : 

BASE-LINE   MEASUREMENT. 

It  seems  to  me  that  the  most  effective  way  to  determine  with  cer- 
tainty the  relative  values  of  bases  measured  by  different  methods,  those 
of  acknowledged  high  refinement  of  method  with  a  number  of  meas- 
ures determined  with  less  refinement,  is  to  compare  the  results  of  the 
various  methods  on  some  occasion  when  it  may  be  required  to  measure 
a  long  base  with  the  best  modern  appliances  of  refinement.  I  am 
inclined  to  believe  in  the  practicability  of  close  and  even  refined  wire 
measurements,  with  appliances  to  insure  perfect  alignment,  prevent 
sagging,  and  correct  for  changes  of  temi>erature.  Every  bar  contact, 
while  it  is  an  element  of  retardation  in  time,  is  also  an  element  of  error. 
These  two  are  reduced  to  their  lowest  factors  by  the  great  lengths  pos- 
sible in  wire  measurement. 

It  would  certainly  be  interesting  and  valuable  information  to  deter- 
mine by  careful  field  comparisons  the  relative  values  of  refinement  to 
be  expected  between  modern  bar  measures  and  a  repetition  of  wire 
measurements;  the  latter  a  method  comparatively  so  inexpensive  that 
if  the  degree  of  refinement  could  be  assured,  frequent  bases  would  be 
practicable,  while  they  are  not  now. 
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To  define  with  greater  exactness  the  various  classes  of  trigonomet- 
rical work  I  suggest — '- 

Triangulation  reconnaissanco. 
Geodetic  meridian  triaugulatiou. 
Geodetic  latitude  triangulation. 
State  and  iuterocean  primary'. 
State  and  interocean  secondary. 
State  and  interocean  tertiary. 
Coant  primary  triangulation. 
Coast  secondary  triangulation. 
Coast-lino  triangulation. 

Triungulution  reeonnausarwe  explains  it-self. 

Oeodetic  meridian  and  latitude  refer  to  schemes  that,  while  inciden- 
tally accomplishing  general  connections,  are  specially  devised  to  measure 
arcs  of  meridian  and  latitude. 

State  and  i^iterocean^  to  define  relatively  the  geography  of  the  several 
States,  their  boundaries,  and  finally  to  make  connection  between  the 
Atlantic  and  Pacific  coasts. 

Primary  J  secondary  ^  and  tertiary^  in  the  case  of  State  and  interocean 
triangulation,  would  indicate  the  character  of  the  work;  secondary, 
more  or  less  local  in  character,  as  applied  to  auy  State,  and  the  tertiary 
entirely  so,  as  being  the  basis  for  topographic  detail. 

Coast  primary  refers  to  triangulation  which,  though  incidentally  con- 
necting with  interior  work,  is  specially  designed  to  control  the  coast 
geographic  detail  through  the  coast  secondary  and  coast-line  schemes. 

INSTRUMENTS,   ETC. 

No  theodolite  reading  to  less  than  5"  should  be  used  in  the  coast-line 
work,  and  the  degree  of  minuteness  of  measure  of  course  should  increase 
with  the  higher  grades  of  work,  though  I  am  inclined  to  think  the  refine- 
ment of  graduation,  when  read  with  micrometer  microscope,  is  in  advance 
of  the  character  of  signals  observed  over  long  lines.  The  heliotrope, 
when  a  good  object,  is  very  excellent;  but  in  disturbed  conditions  of  the 
atmosphere  is  liable  to  distortion  and  enlargement,  and  the  latter  much 
beyond  the  limits  of  dimension  requisite  for  precise  pointing. 

It  is  too  well  known  to  require  discussion  that  tlie  best  observing 
weather,  within  distances  in  which  pole  signals  can  be  defined,  occurs 
when  the  sun  is  obscured  by  clouds,  and  on  such  days,  if  the  obscura- 
tion covers  large  areas,  they  must  be  lost  days  to  the  observer  depend- 
ent on  heliotropes. 

The  inference  to  be  drawn  from  the  effects  of  cloud  obscuration  of  the 
sun  is  suggestive  of  the  superior  conditions  of  atmosphere  at  night 
for  observation  of  horizontal  angles  or  directions,  and,  ca^teris  pari- 
bus, diminished  loss  of  time  as  compared  with  daylight  heliotrope 
observations. 

Over  the  longer  lines  of  the  present  interocean  triaugulation  I  supi)Ose 
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it  would  be  necessary  to  devise  a  more  powerful  artificial  light  than  any 
that  has  been  heretofore  used  in  Coast  Survey  work. 

The  reconnaissance  for  the  main  and  primary  triangulation  of  the 
Pacific  Coast  appears  to  have  been  always  a  weak  element,  and  this 
has  resulted  in  the  necessity  of  reoccupation  of  stations  and  unneces- 
sary expense  to  the  work. 

It  seems  remarkable  that  the  geography  of  the  coast  and  of  its 
mountain  ranges  is  sufficiently  well  known  to  x)6rmit  authentic  useful 
State  maps  to  be  made,  always  based  partly  on  determinations  by  the 
Coast  and  Geodetic  Survey,  and  yet  the  question  of  intervisibility  of 
prominent  summits  available  for  carrying  the  network  of  precise  trian- 
gulation of  our  Survey  over  the  regions  embraced  by  the  maps  referred 
to  is  still  in  many  cases  doubtful.  I  think  more  attention  should  be 
given  to  reconnaissance  and  the  study  of  schemes  for  development  of 
the  triangulation  before  the  latter  is  uudertakeu. 

HYPSOMETBY. 

The  close  determination  of  elevations  by  the  Coast  Survey  in  trian- 
gulation and  by  precise  leveling  would  appear  to  afibrd  special  &€ili- 
ties  for  testing  the  value  of  hypsometric  methods,  and  especially  results 
attainable  from  mercurial  and  aneroid  barometers. 

MAGNETIC   WORK. 

The  magnetic  work  of  the  Coast  Survey  has  been,  and  the  results 
attained  ever  will  be,  of  value  to  the  mariner,  the  land-owner,  and  the 
surveyor,  and  should  be  fostered  by  appropriations  to  secure  continuity 
of  observation,  which  will  still  be  of  important  practical  interest  and 
value  long  after  the  present  generation  shall  have  passed  away. 

PARTY   OBGANIZATION. 

The  organization  of  parties  in  the  Coast  Sui*vey  would  apx>ear  to  be 
as  simple  as  it  is  possible  to  make  them. 

CAMP   OUTFITS,   ETC. 

When  it  is  remembered  that  our  camp  outfits  involve  protection  from 
severe  weather,  and  often  at  high  altitudes,  at  points  more  or  less  remote 
from  ordinary  lines  of  travel,  the  question  of  "imi)edimenta"  is  one  to 
be  seriously  considered,  but  from  so  many  standpoints  and  under  such 
varying  conditions  that  it  would  be  impracticable  to  limit  outfits  as  to 
cost  and  size  by  any  rigid  rule. 

RECORDS,   PREPARATIONS,   ETC. 

To  secure  uniformity  in  the  best  method  decided  upon  in  any  case  i^ 
a  desideratum. 
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FIELD  COMPUTATION,  ETC. 

This  is  a  qnestion  to  be  governed  by  the  character  of  work  in  each 
particuhir  case  and  whether  the  results  are  for  field  use  or  for  traus- 
mission  only  to  the  office  for  revision. 

ACCOUNTS — RELATIONS    OF     FIELD    OFFICERS    TO     THE    DISBURSING 

AGENT. 

The  present  system  of  accounts  seems  to  me  to  be  generally  a(^cept- 
able,  and  my  own  official  relations  with  the  disbursing  agent  leave  me 
nothing  to  suggest. 


LETTER  FROM  A.  T.  MOSMAN.  ASSISTANT. 

San  Diego,  Cal.,  February  i,  JSm. 

In  presenting  to  the  Conference  my  views  herewith  I  must  confine 
myself  almost  entirely  to  the  results  of  my  own  exi)ericnce  in  the  Sur- 
vey, as  I  have  no  books  or  reports  at  hand  bearing  upon  the  geodetic 
work  of  foreign  countries  and  very  few  of  the  reports  of  kindred  work 
in  the  United  Statues. 

base-line  measure>ient. 

For  base  lines  of  the  first  (rlass,  where  the  greatest  attainable 
accuracy  is  sought,  the  apparatus  used  may  be  divided  into  two 
classes — "noncompensating,''  wlien  the  bars  are  made  of  one  metal, 
and  "compensating,"  when,  by  a  combination  of  two  metals  of  unetpial 
coefficients  of  expansion,  it  is  souglit  to  render  the  length  of  tlie  com- 
bined bar  invariable  at  all  temperatures  within  the  limits  usually 
encountered  in  actual  work. 

With  all  kinds  of  apparatus  used  to  measure  bases  the  accuracy  of 
the  final  result  for  length  depends  more  on  the  accurate  determination 
of  the  temperature  of  the  measure  used  than  on  manipulation  of  the 
apparatus.  If  means  could  be  found  to  obtain  the  true  temi>erature  of 
the  bars  used,  either  a  compensating  or  a  noncompensating  apparatus 
might  be  made  to  give  accurate  results.  In  practice  it  has  been  found, 
I  think,  that  it  is  impossible  to  keep  the  two  metals  composing  a  com- 
pensating apparatus  at  the  same  temi)erature;  therefore  the  invariable 
length  of  the  compound  bar  sought  is  never  attained.  And  to  obtain  an 
accurate  result  it  is  necessary  to  correct  for  the  difference  of  tempera- 
tures of  the  two  metals  composing  the  bar,  which  can  only  be  done 
after  we  know  the  actual  temperature  of  each,  and  it  is  easier,  I  think, 
to  obtain  the  true  temperature  of  one  bar  of  steel  or  iron  tlian  of  two. 
The  complication  necessary  in  the  mechanical  arrangement  of  tlie  com- 
pensating apparatus  is  also  an  argument  against  its  use.  The  experi- 
ence of  the  Lake  Survey  with  the  Bache-Wurdemann  compensating 
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apparatus,  composed  of  bars  of  iron  and  brass,  was  unsatisfactx»ry,  and 
"its  liability  to  change  length  owing  to  its  having  thiiteeu  joints  or 
points  of  contact,  at  any  ono  of  which  change  in  contact  by  wear  of  or 
by  change  of  adjustment  may  change  the  length  of  the  tube,"  is  men- 
tioned (on  page  88,  Professional  Papers  Xo.  24,  Corps  of  Engineers, 
U.  S.  A.)  as  an  argument  against  its  use;  and  the  fact  is  stated  "that 
in  any  one  of  the  tubes  of  the  Lake  Survey  apparatus  the  length  of  the 
tube  can  be  changed  0-003  inch  by  8imi)ly  tightening  or  loosening  the 
screw  which  forms  the  axis  of  rotation  of  the  compensating  lever,  the 
tightening  twisting  the  original  plane  of  rotation." 

Accuracy  of  result  depending  in  any  form  of  apparatus,  therefore, 
almost  entirely  upon  obtaining  the  true  temperature  of  the  bar,  either 
by  a  mercurial  or  by  some  form  of  metallic  thermometer,  it  is  imx)or- 
tant  to  know  how  we  can  best  attain  this  end,  whether  by  covering  the 
tubes  by  several  thicknesses  of  nonconducting  material,  thus  making 
changes  of  temperature  slow  and  gradual,  or  by  exposing  both  bar  and 
thermometers  to  the  air.  In  either  case  it  is  supposed  tliat  the  whole 
apparatus  is  sheltered  from  the  direct  rays  of  the  sun. 

By  experiment  it  is  known  that  there  is  a  certain  "  lag"  of  thermom- 
eters going  on  during  changes  of  temperature,  and  it  seems  to  me 
therefore  preferable  to  cover  the  tubes  and  thermometers  Jis  carefully 
as  possible  to  prevent  sudden  changes  of  temperature  and  to  correct 
the  *'lag"  by  measuring,  if  possible,  eac^h  day  as  many  tubes  daring  a 
rising  temperature  as  during  a  falling,  thus  getting  a  mean  result  as 
nearly  as  possible  independent  of  'Mag."  of  thermometers. 

For  the  same  reason  I  should  use  the  same  method  in  working  with 
the  secondary  base  apparatus  for  subsidiary  bases.  How  we  can  best 
apply  our  thermometer  to  the  bar  in  order  that  its  rea<^ling  shall  show 
the  temi)erature  of  the  bar  I  do  not  know  as  none  of  the  means  used 
heretofore,  to  my  knowledge,  have  been  very  successful. 

By  measuring  in  the  night,  when  either  bars  or  long  tapes  are  used, 
we  secure  usually  a  more  equable  temperature  and  presumably  obtain 
more  nearly  the  actual  temperature  of  the  measure  used.  This  is  per- 
fectly practicable  when  the  tape  is  used,  the  stakes  having  been  i)re- 
viously  set  over  the  whole  base;  but  there  are  many  difficulties  in  the 
way  of  using  a  primary  base  apparatus  in  the  night. 

The  average  i)robable  error  of  result  with  primary  base  apparatus  on 
the  Lake  Survey  was  about  1/1  070  000;  for  the  Coast  and  Geodetic 
Survey  I  have  no  data  at  hand.  The  experiments  of  Prof.  R.  S.  Wood- 
ward on  the  Holton  and  St.  Albans  bases  show  that  with  long  steel 
tapes,  used  under  the  most  favorable  conditions  at  night,  the  probable 
error  of  result  cfin  be  reduced  to  1/1  280  000.  If  even  an  ac(*uracy  of 
1/1  000  000  can  be  usually  obtained  with  tape  measurement,  with  the 
greatest  care,  it  will  dcmbtless  prove  the  most  economical  method 
when  the  conditions  are  such  as  to  allow  the  stakes  to  be  driven 

8.  Ex.  19,  pt.  2 25 
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along  the  whole  line  and  the  state  of  the  ground  such  as  to  allow  night 
measurements. 

When  extreme  accuracy  is  not  required  in  each  individual  base,  as  in 
a  scheme  of  triangulation  covering  a  large  section  of  country,  especially 
when  the  surface  is  nearly  level  and  covered  with  timber,  necessitating 
the  building  of  high  signals,  frequent  bases  measured  with  a  degree  of 
accuracy  ecjual  or  but  little  superior  to  that  obtained  from  the  trian- 
gulation, say  1/150  000,  would  seem  to  be  a  more  economical  and  equally 
accurate  method  of  checking  the  work.  This  would  be  particularly 
applicable  to  a  section  of  the  country  like  Indiana  or  Illinois,  nearly 
level  and  heavily  wooded,  where  lines  of  15  to  20  miles  can  be  got  only 
by  building  up  and  cutting,  and  where  bases  of  from  2  to  5  miles  can 
be  laid  out  without  much  expense. 

In  a  mountainous  country,  like  that  of  Virginia  and  West  Virginia 
between  the  Blue  Ridge  and  the  Ohio  River,  it  would  often  be  impos- 
sible to  find  a  spot  suitable  for  a  base  line  of  even  2  miles  in  length, 
and  when  found  it  would  be  almost  impossible  to  connect  it  with  the 
scheme  of  triangulation. 

In  such  a  country  bases  would  necessarily  be  few  and  far  apart,  and 
for  that  reason  a  greater  degree  of  accuracy  would  be  required  in  each. 

TRIANCiULATION. 

Triangulation  is  usually  divided  into  three  classes,  viz,  primary,  sec- 
ondary, and  tertiary.  It  is  diflBcult  to  define  exactly  the  last  two,  as 
under  differing  circumstances  of  country  and  length  of  lines  the  two 
latter  merge  into  each  other  and  are  rarely  kept  entirely  separate. 
Primary  work  may  be  defined  as  that  scheme  which  can  cover  the 
area  to  be  surveyed  with  well-conditioned  figures  having  the  smallest 
number  of  stations  possible.  Tertiary  work  has  for  its  object  the 
determination  of  a  suitable  number  of  points  along  or  near  the  shore 
line  of  the  coast,  bay,  or  river  to  be  surveyed  for  the  use  of  the  topo- 
grai)hical  and  hydrograi)hic  parties  following  the  triangulation.  The 
scale  to  be  used  fixes  the  accuracy  needed  in  the  determination  of  these 
points.  In  many  ca^es  the  points  can  be  fixed  by  intersections  from 
secondary  or  even  from  primary  stations,  as  in  the  <'ase  of  a  wide  river 
or  arm  of  the  sea,  in  which  case  there  would  not  be  a  distinct  chain  of 
tertiary  figures.  There  should  always  be,  of  course,  two  or  more  inde- 
pendent determinations  of  each  of  these  points  for  a  check,  and  in 
many  rases,  where  lines  are  not  more  than  10  miles  in  length,  a  single 
residing  of  the  angle  direct  and  reverse  is  sufticient  to  fix  the  point 
with  the  required  degree  of  accuracy. 

Srcandary  triangles  are  those  intermediate  between  the  primary  and 
tertiary,  sometimes  forming  an  independent  (;hain  and  being  connected 
as  often  as  possible  with  the  primary,  and  sometimes  being  merely  a 
step  in  the  determination  of  tertiary  i)oints  from  the  large  primary 
sides. 
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Prinuiry  work  requires  the  greatest  attainable  de<rre©  of  accuracy, 
ami  iiistruiueuts  of  the  highest  class,  with  Jirccurately  divided  circles 
and  powerful  telescopes,  should  be  used. 

Direction  instruments  having  circles  of  from  12  to  20  inches  in  diam- 
eter and  reading  by  three  microscopes  to  single  seconds,  with  telescopes 
of  high  power,  are  the  best  instruments  to  use  for  primary  work. 

For  secondary  work  either  direction  or  repeating  theodolites  of  from 
8  to  12  inch  limbs  may  be  used,  depending  upon  the  country.  When  it 
is  necessary  to  occupy  the  tops  of  buildings  and  spires  of  churches,  as 
in  a  triangulation  covering  a  city  or  town,  or  when  light-houses  must  be 
occupied  ecceutrically  on  the  outside  platform  or  rail,  a  repeating 
instrument  must  be  used,  as  the  support  of  the  instrument  is  not  Urm 
enough  to  use  a  position  instrument  and  it  is  frequently  impossible  to 
read  the  microscopes. 

When  a  repeating  theodolite  is  used,  a  set  of  measures  should  be 
made  of  the  angle  with  telescope  direct  and  reversed,  and  then  a  set  of 
measures  of  the  explement  follow  directly,  turning  the  telescope  in  the 
same  direction  in  each  of  the  measures.  The  sum  of  the  angle  and  its 
explement  should  equal  300o,  and  half  the  excess  or  deficiency  applied 
to  the  direct  measure  gives  the  mean  result  for  two  sets. 

For  secondary  work  I  should  generally  prefer  to  use  a  repeating 
theodolite  varying  in  size  from  G  to  10  inches  in  diameter  of  circle, 
according  to  the  lengths  of  the  lines  to  be  observed.  On  the  triangula- 
tion of  the  Delaware  River  two  6-inch  Gambey  theodolites  were  used, 
and  lines  of  over  20  miles  in  length  were  observed  from  one  light-bouse 
to  another.  Over  70  miles  of  river  were  triangulated  in  about  two 
months,  starting  fron)  a  base  joining  two  old  light-houses  about  6  miles 
apart  and  closing  satisfactorily  on  the  two  light-houses  at  the  mouth  of 
the  river.  Gape  May  and  Gape  Henlox)en,  about  10  miles  apart,  and 
the  work  was  also  extended  up  the  river  from  Bombay  Hook  nearly  to 
Newcastle  and  joined  to  the  upper  river  triangulation. 

As  the  principal  object  of  the  work  was  to  furnish  points  for  the 
topographic  and  hydrographic  survey  of  both  banks  of  the  river 
below  Newcastle,  and  also  to  determine  the  i>o8ition  of  the  new  light- 
houses built  on  the  shoals  of  the  lower  river,  great  accuracy  was  not 
sought,  but  the  rapid  and  economical  determination  of  the  points  was 
the  first  consideration.  As  the  only  two  old  stations  extant  were  the 
two  old  light'-houses,  the  line  connecting  them  was  a  little  uncertain  in 
length,  as  it  was  possible  that  the  lanterns  were  not  identical  with  those 
observed  on  by  Assistant  Blunt  several  years  previously;  so  it  was 
desirable  to  check  its  length  at  the  mouth  of  the  river  by  closing  on 
the  two  light-houses  there,  whose  distance  apart  was  known.  Several 
reasons  not  necessary  to  enumerate  prevented  starting  the  triangulation 
from  the  mouth  of  the  river. 

The  plan  followed  was  to  run  a  scheme  of  triangulation  consisting  of 
quadrilaterals  firom  one  base  to  the  other  as  quickly  as  possible,  and  to 


388  U.  8.  COABT  AND  GEODETIC  SURVEY. 

detennine  poiuts  for  the  topography  and  hydrography  on  ea<5h  shore  as 
often  as  were  needed.  Most  of  the  stations  were  light- houses,  as  they 
were  higher  than  any  avaihihle  i^oints  on  shore  and  needed  no  signals. 
All  stations  of  the  main  chain  were  occuj)ied,  most  of  them  eccentrically, 
some  light-houses  in  the  middle  of  the  river  needing  three  eccentric 
stations,  and  the  chimney  of  the  lanteni  at  each  was  observed  on.  The 
horizon  was  closed  by  each  two  successive  sets,  and,  as  I  now  remember, 
but  four  double  sets  of  six  repetitions  each  were  taken  at  each  principal 
station  =  48  repetitions  or  measures.  Very  few  tertiary  stations  were 
occupied,  most  of  them  being  simply  fixed  by  intersections  from  three 
to  five  of  the  main  stations,  the  object  being  to  determine  ea<*h  tertiary 
station  within  a  metre  and  to  have  always  not  less  than  two  and  usually 
three  or  four  separate  determinations.  The  work  was  computed  and 
points  given  to  the  topographic  and  hydrographic  parties  at  once,  two 
of  each  being  «t  work  on  the  river  at  the  time. 

Only  one  set  of  six  repetitions  was  taken  on  the  tertiary  points,  and 
on  short  lines  two  readings,  one  direct  and  one  reverse,  sufticed. 

The  number  of  observations  taken  on  this  work  was  less  than  half 
usually  obtained,  and  the  time  coiTespondingly  shortened ;  still  1  believe 
the  object  of  the  survey  was  fully  and  satisfactorily  accomplished. 

I  think  that  more  observations  are  taken  on  all  kinds  of  triangula- 
tion  than  are  needed.  This  is  more  especially  the  case  on  secondary 
and  tertiary  work,  but  applies  in  a  less  degi*ee  to  primary  work. 

In  the  latter,  when  a  20-inch  theodolite  is  used,  it  is  usual  to  observe 
in  11  positions  and  take  3  series  on  a  position.  With  a  12-inch  theodo- 
lite 17  positions  and  2  series  on  a  position  are  usually  taken.  Each 
series  consists  of  a  ])ointing  on  each  object,  telescope  direct,  the  reading 
of  the  3  microscopes,  and  another  round  of  pointings,  telescope  reversed, 
and  the  reading  of  the  3  microscopes.  The  mean  of  these  2  pointings 
on  the  G  readings  constitutes  a  series. 

With  a  20-inch  we  have,  therefore,  33  .series  in  11  positions,  and  with 
the  12-inch  34  series  in  17  positions. 

As  it  is  desirable  to  read  on  as  many  parts  of  the  limb  as  practicable, 
so  that  the  final  direction  shall  be  free  from  the  errors  of  griuluatiou, 
and  as  the  only  object  of  observing  more  than  one  series  in  any  posi- 
tion is  to  check  one  series  by  another,  I  am  convinced  that  but  one 
series  should  be  observed  in  each  position  and  that  as  many  positions 
should  be  observed  as  may  be  needed  to  gain  the  required  degree  of 
accuracy.  Two  series  on  the  same  position  rarely  ditfer  more  than  a 
second,  while  the  mean  of  the  series  on  the  ditlerent  positions  usually 
varies  from  5"  on  the  20-inch  theodolite  to  13"  on  some  of  tlie  12-incli 
theodolites.  Some  experiments  made  with  a  12-inch  theodolite  in  con- 
necting the  Holton  Base  with  the  triangulation  convhu^ed  me  that  the 
mean  of  17  i>ositions,  one  series  on  a  position,  ditfered  but  very  little 
from  17  i>ositions  with  2  series  in  each  )>osition,  although  the  probable 
error  was  much  larger  owing  to  the  smaller  number  of  results.    Of 
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course  there  will  be  a  diftereuce  of  oinnion  as  to  the  luimber  of  obser- 
vations neede<l  on  each  angle,  but  my  own  opinion  is  that  23  positions 
of  1  series  ea<5h  will  give  as  accurate  a  result  as  II  i)ositions  of  3  series 
each  or  17  positions  of  2  series  each,  and  about  33  per  cent  of  the  time 
spent  in  observing  would  be  saved. 

For  secondary  work  of  the  usual  character,  4  to  6  double  sets  of  6 
repetitions  each,  or  from  48  to  72  measures,  will  be  ample  for  a  repeating 
theodolite.  For  a  direction  instrument  on  the  same  class  of  work  an 
8-inch  circle  is  large  enough,  and  7  positions  of  1  series  each  sufficient. 

SIGNALS. 

For  signals  we  have  the  choice  of  poles  and  heliotropes  by  day  and 
lights  by  night.  All  have  given  good  results  under  differing  conditions. 
For  very  long  lines  poles  can  not  be  seen,  and  heliotroi)es  must  be  used 
for  day  observations. 

In  many  parts  of  the  country,  however,  where  it  is  necessary  to  use 
heliotropes  during  hazy  weather,  it  is  desirable  to  have  poles  also,  as 
they  can  often  be  seen  in  cloudy  weather  when  no  heliotrope  can  be 
used.  Often  a  line  whose  direction  is  nearly  north  and  south  can  be 
observed  in  one  direction  on  a  pole,  especially  if  a  lozenge  of  white  cloth 
is  attached  to  it,  while  in  the  opposite  direction  the  observer  must  rely 
upon  the  heliotrope  entirely.  My  own  practice  has  been  of  late  years 
to  erect  a  pole  at  each  station.  In  ciise  of  high  tripods  and  scaffolds 
being  used,  a  central  pole  4  by  4  inches  and  16  feet  long  was  erected  in 
the  center  of  the  triiwd.  A  lozenge  of  muslin  3  feet  by  3  feet  was  nailed 
to  the  pole  by  a  crosspiece  facing  toward  the  station  being  occupied. 
When  the  pole  could  not  be  seen  from  all  the  other  stations,  heliotrope 
stands  were  erected  on  the  rail  of  the  scaffold  jiccurately  in  line  from 
the  center  to  the  stations  to  which  the  heliotropes  were  to  show.  Wlien 
the  sun  is  nearly  behind  the  observer  looking  toward  the  signal  the 
lozenge  shows  white  and  like  a  faint  heliotrope  light,  when  the  sun  is 
shining.  In  cloudy  weather  neither  the  lozenge  nor  the  heliotrope  can 
be  seen,  but  the  pole  itself  then  shows  and  can  be  pointed  on  directly. 
On  a  line  running  nearly  north  and  south  not  over  25  miles  long,  situ- 
ated in  the  Ohio  River  Valley,  I  never  employed  a  heliotroper  at  the 
northern  station,  but  used  a  lozenge  on  the  pole.  On  occupjing  the 
northern  station  on  the  same  line  I  posted  a  heliotrope  at  the  south- 
ern. In  the  valley  of  the  Ohio  I  have  seen  a  lozenge  a  distance  of  30 
miles  when  the  outlines  of  all  hills  over  10  miles  distant  were  obscured 
by  thick  haze,  and  have  obtained  good  observations  on  it  for  two  or 
three  hours.  In  the  mountains  I  have  frequently  observed  on  poles  12 
inches  in  diameter  and  50  feet  high  (crotch  of  tripo<l  18  feet  above 
ground)  a  distance  of  50  to  60  miles  during  cloudy  weather.  I  have 
never  had  much  experience  with  lamps  on  night  work,  other  than 
azimuth  observations,  when  they  have  invariably  given  me  a  great  <leal 
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of  trouble.  Where  the  country  is  flat  «in(l  wooded,  and  high  signals 
must  be  used,  we<',an  often  reduce  the  height  of  the  signal  to  be  erected 
by  observing  at  night  on  account  of  the  increased  vertical  refraction. 
The  atmosphere  is  probably  more  steady  also  at  night,  and  a  greater 
number  of  hours'  work  at  a  time  <'an  be  obtained,  and  screens  to  cover 
the  scaffold  are  not  needed:  but  the  use  of  lamps  entails  many  disad- 
vantages and  some  dangers.  Several  high  signals  have  been  burned  by 
fires  startt^d  from  exploded  lam])s  which  were  lighted  at  sunset  by  an 
attendant  and  left  unwatched  to  burn  themselves  out.  Safety  seems  to 
require  that  the  attendant  should  remain  at  the  station  and  watch  the 
lamp  during  the  tiine  of  observation,  and  afterwards  extinguish  it.  In 
a  sparsely  settled  country  it  is  practicable  to  hire  a  man  who  will  attend 
a  heliotrope  at  stated  hours,  even  if  he  has  to  walk  several  miles  from 
his  house  to  do  so;  but  the  same  man  would  utterly  refuse  to  remain  and 
watch  a  Lamp  at  night. 

When  a  i>rimary  triangulation  party  has  two  observers  available  and 
many  directions  to  measure  from  a  station,  it  would  be  economical  to 
ob8er\'eon  heliotrope  and  poles  by  day  and  on  lamps  at  night,  and  thus 
be  possible  to  finish  the  station  in  less  time  than  if  only  one  method 
were  used.  Several  stations  thus  occupied  w(mld  give  data  to  decide  the 
relative  accuracy  of  day  and  night  work.  By  furnishing  the  heliotroi)er 
a  tent  and  bed,  he  could  easily  work  the  heliotr()])e  by  day  and  watch 
the  light  at  night  for  a  slightly  increa^sed  compensation. 

It  is  well  to  state  that  dny  observations  on  a  high  signal  rexpiire  the 
use  of  screens  on  the  S(?aflbld  t-o  protect  the  triixxl  from  the  sun.  My 
experience  convinces  me  that  screens  are  nev^er  needed  for  ])rotection 
from  the  wind.  If  the  wind  is  too  strong  to  observe  without  screens, 
setting  them  will  make  matters  worse,  as  a  much  greater  area  is  i>re- 
sented  to  the  wind  and  there  is  danger  of  the  scattbld  being  blown 
against  the  tripod.  Under  such  circumstances  observations  should  be 
discontinued. 

Besides  the  necessary  measureme»it  of  angles  at  a  station,  the  ^ 
should  be  permanently  marked  and  a  detailed  descrii)tion  and  sketch 
made  showing  the  location  of  the  station  and  the  roads  and  patliH 
necessary  to  travel  to  r(»ach  it. 

UKCONNAISSANCK    AND    SKJNAI.    iUTILDlN(4. 

The  manner  of  making  a  reconnaissance  for  a  scheme  of  triangulation 
varies  so  much  in  diflerent  sections  of  the  c<nintry  that  it  is  im])OSsible 
to  submit  rules  that  will  ap])ly  to  all.  The  reconnaissance  of  a  moan- 
tjiinous  country  where  the  peaks  are  detached  and  well  marked,  and 
the  stations  can  be  ])laced  on  the  ground,  requires  an  entirely  different 
outfit  and  manner  of  work  from  that  necessary  to  be  i)ursued  in  a  nearly 
flat,  heavily  woo<led  country,  where  the  building  of  liigh  signals  is  niHses- 
sary.  In  the  latter  country  the  signal  building  should  be  kept  well  in 
advance  of  the  observing  i)arty,  and  it  will  be  more  economical  to  have 
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a  well-organized  building  party,  under  a  eonii)etent  foreman,  at  work 
building  the  signals,  under  the  direction  of  the  chief  of  party,  at  the 
same  time  that  the  observing  party  is  occupying  stations  behind. 

When  signals  of  over  100  feet  are  required  and  there  are  railroads 
that  can  be  used  for  transportation,  it  is  better  to  buy  timber  sawed  to 
dimensions  at  a  mill  or  town  and  ship  it  to  the  pla<»e  where  it  is 
required  than  to  attempt  the  building  of  signals  from  trees  cut  on  the 
si)ot.  Wire-rope  guys  are  required  on  the  scaffold  while  the  tripod  is 
being  occupied,  but  if  the  signals  tire  well  constructed  none  are  needed 
at  other  times.  The  ^  should  be  marked  securely  on  the  ground  as 
soon  as  the  signal  is  completed,  preferably  by  using  a  'H'ertical  colli- 
mator" placed  in  the  center  of  the  scjuare  hole  in  the  tripod  through 
which  the  pole  is  erected.  This  should  be  done  before  the  pole  is  run 
up  into  position.  On  occupying  the  station  this  "plumbing  down" 
should  be  repeated  before  the  theodolite  is  centered  on  the  tripod  to  see 
if  the  head  of  the  tripod. has  moved  relatively  to  the  mark  on  the 
ground,  owing  to  unequal  settlement  or  any  other  cause,  and  in  case 
of  movement  between  the  time  that  observations  have  been  made  on 
the  pole  and  the  time  of  occupation  a  correction  for  eccentricity  can 
be  applied  unless  the  tripod  head  can  be  shifted  sufficiently  to  bring 
center  of  theodolite  over  the  ^  on  the  ground  and  the  pole  recentered 
on  leaving  the  station.  The  final  permanent  marking  of  the  station 
by  means  of  stone  posts  or  drain  tile  pipe  filled  with  concrete-  at  the  • 
center  and  establishment  of  reference  marks  can  best  be  done  while 
the  station  is  being  occupied. 

Astronomical  work. 

The  determinations  of  latitude  and  azimuth  at  the  primary  stations 
of  a  scheme  of  triangulation  can  best  be  made  at  the  time  the  station 
is  occupied  for  horizontal  and  vertical  angles.  The  longitude  can  best 
be  done  by  a  separate  party,  properly  equipped  for  the  purpose,  observ- 
ing at  the  nearest  telegraph  station,  which  can  afterwards  be  connected 
with  the  scheme  of  triangulation. 

LATITUDE. 

The  latitude  can  undoubtedly  be  best  determined  by  the  zenith  tele- 
scope, and  a  portable  instrument  of  30  inches  focal  length,  using  about 
100  observations,  will  give  a  result  whose  probable  error  need  not  exceed 
0".05  if  well  selected  stars  are  used.  These  100  observations  on  well- 
determined  stars  can  be  distributed  over  as  many  nights  as  we  choose. 
The  usual  plan  is  to  select  a  list  of  about  20  j)airs  and  observe  each 
pair  on  five  to  six  nights.  This  method  requires  that  the  sky  shall  be 
clearatacertaintimeeach  night,  or  stJirs  will  be  lost,  and  they  must  be 
observed  on  another  night.  If  a  list  of  50  or  GO  i)airs  are  selc(*te(l,  run- 
ning from  sunset  to  nearly  sunrise,  the  whole  list  may  be  observed  on 
two  exceptionally  clear  nights,  or,  in  case  of  clouds  at  oue.  v^"^  ^"^ 
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tlie  iii^lil  and  severtil  pairs  arc  lost,  the  remainder  of  the  list  can  be 
observed. 

By  this  method  we  may  have  only  one  observation  on  many  of  the 
pairs  and  not  more  than  two  or  three  on  any,  bnt  the  100  (or  more) 
necessary  observations  may  be  obtained  in  two  or  tliree  niglits,  while 
the  resnltinfj  latitnde  has  been  proved  to  be  more  a<t(inrate.  In  other 
words,  the  more  jMiV/f  observed  for  the  same  number  of  results  the  more 
accurate  is  the  result.  ^This  method  nerressitates  the  observation  on 
the  last  night  of  such  pairs  to  finish  up  as  shall  make  tlie  sum  of  the 
north  and  south  differences  of  zenith  distances  balance  each  other  for 
the  whole  list,  in  order  that  the  final  result  shall  be  independent  of 
errors  in  the  value  of  micrometer  used.  Of  course  the  use  of  so  many 
))airsaddsto  thelal)or  of  computation,  as  the  mean  places  of  more  stars 
must  be  comimted  (at  present  this  is  done  in  the  ollice  and  the  results 
sent  to  the  field  party)  and  more  reductions  from  mean  to  apparent 
places  computed.  It  has  been  found,  however,  that  by  computing  the 
stars  only  for  the  dates  actually  observed,  instead  of  computing  the 
apparent  places  of  40  stars  each  on  four  or  five  dates  five  days  ai)art, 
the  labor  is  not  increased. 

If  a  list  of  well-determined  stars  were  compiled  and  i)ublished  for  the 
use  of  the  Survey,  the  field  parties  could  compute  their  latitudes  at  once, 
and  the  places  be  still  further  corrected,  if  necessary,  when  the  ofMce 
computation  was  nnule.  A  list  of  st«ars  was  pn^pared  by  Prof.  T.  II. 
Safford  for  the  use  of  the  Int(jriiational  Boundary  Commission  covering 
the  limits  for  our  work  on  the  boundary  line,  from  wliicli  the  observer 
selected  his  pairs  for  each  night's  work  and  observed  them  at  the  most 
convenient  hours  of  the  night.  In  some  cases  observations  were  carried 
on  all  night  and  over  70  pairs  observed,  and  the  necessary  100  obser- 
vations were  made  up  on  the  next  night.  In  many  cases  the  final  result 
for  latitude  of  the  station  was  obtained  in  from  four  to  five  davs  after 
the  observations  were  begun.  This  extreme  haste  was  necessary  in 
order  to  give  results  for  latitude  and  azimuth  to  the  ])arties  running 
the  parallel  to  start  tlie  tangent  at  one  astronomical  station  and  to  check 
its  direction  at  the  other. 

At  Stations  No.  1,  near  El  Paso,  and  No.  4,  at  the  intersection  of  par- 
allel 31°  47'  with  the  meridian  section,  which  was  also  a  longitude  sta- 
tion, such  haste  was  not  necessary.  So  the  old  plan  of  using  only  20 
pairs  and  observing  them  on  five  or  six  nights  each  was  tried  for  com- 
parison. The  result  showed  that  100  observations  on  00  pairs  gave  a 
smaller  probable  error  of  result  than  100  observations  on  20  pairs. 

The  value  of  micrometer  should  be  observed  at  each  stjition  oc<5upied, 
if  possible,  but  this  is  not  absolutely  necessary. 

AZIMUTH. 

The  azimuth  of  some  one  line  of  the  triangulation  at  each  astronom- 
ical station  is  required.  Observations  on  slow-moving  circumi)olar 
Atars  afford  the  best  means  of  measuring  the  aznnuth.    Usually  we 
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need  an  azimuth  light  fixed  at  a  distance  of  from  3  to  30  miles  to  i\m 
for  a  night  mark,  and  it  is  connected  with  the  lines  of  the  main  trian- 
gnlation  by  the  day  observations.  Collimators  have  been  used  instead 
of  a  distant  light,  but,  so  far  as  I  am  informed,  they  were  a  failure. 

The  most  favorable  time  to  observe  on  a  star  for  azimuth  is  within 
an  hour  before  or  after  elongation,  when  the  star  is  rising  or  falling  and 
having  very  little  horizontal  motion ;  although,  if  the  time  is  accurately 
known,  observations  may  be  made  at  any  time.  When  the  azimuth 
light  can  be  placed  nearly  in  the  vertical  plane  through  the  star  at 
elongation,  the  azimuth  may  be  observed  very  quickly  and  accurately 
by  using  the  micrometer  of  a  theodolite  or  meridian  telescope  to  measure 
the  horizontal  angle  between  the  light  and  the  vertical  plane  through 
the  star.  (An  example  of  the  method  is  given  in  Bulletin  No.  21, 
United  States  Coast  and  Geodetic  Survey,  December,  1890.)  A  set 
can  easily  be  taken  in  twenty  minutes,  and  three  to  five  sets  are  suffi- 
cient for  any  one  night.  The  number  of  nights'  observations  required 
depends  upon  the  claims  of  work,  for  it  is  usual  to  find  more  range  between 
the  mean  results  of  the  different  nights  than  between  any  two  of  the 
sets  taken  on  a  single  night.  For  primary  work  six  nights  of  four  sets 
each  night  will  usually  give  a  result  with  a  probable  error  of  result 
less  than  i  0".15,  while  for  secondary  Tvork  three  nights  of  three  sets 
will  give  a  probable  error  of  from  4:  0".20  to  i  0"*30,  depending  in 
both  cases  almost  entirely  upon  the  difference  in  the  mean  results  for 
the  different  nights  and  not  on  the  whole  number  of  sets  taken. 

A  sufficient  number  of  sets  can  be  taken  in  less  than  two  hours  for 
any  one  night,  and  if  these  are  observed  within  less  than  one  hour  of 
elongation  the  time  becomes  of  little  consequence,  so  that  sextant 
observations  will  give  a  result  near  enough  for  the  chronometer  error. 

When  the  light  can  not  be  placed  in  the  proper  i)osition  for  using  the 
micrometer,  the  angle  between  the  star  and  mark  is  measured  the  same 
as  any  horizontal  angle,  except  that  the  times  of  the  pointings  on  the 
star  are  marked  by  chronometer;  and  it  is  preferable  by  this  method 
also  to  observe  on  the  star  near  elongation.  When  a  light  can  be  fixed 
near  the  horizon  and  in  the  meridian  plane  passing  through  the  station, 
the  azimuth  can  be  measured  with  an  astronomical  transit,  fitted  with 
an  eyepiece  micrometer,  by  observing  the  transits  of  close  circumpolar 
stars  both  at  upper  and  lower  culmination  for  the  azimuth  error  of  the 
instrument  and  obtaining  the  error  of  chronometer  by  transits  of  high 
and  low  stars.  I f  the  transit  is  mounted  over  the  ^,  it  must  be  removed 
and  a  theodolite  mounted  in  its  place  to  transfer  the  observed  azimuth 
of  the  mark  to  a  line  of  the  triangulation,  which  is  often  inconvenient. 
At  Moons  Mountain  ^,  North  (^arolina,  this  ditliculty  was  obviated  by 
mounting  the  astronomical  transit  inside  the  observatory,  accurately  in 
line  between  the  theodolite,  mounted  over  the  station,  and  the  azimuth 
light  placed  on  a  hill  10  miles  distant.  The  transit  was  mounted  enough 
below  the  axis  of  the  theodolite  to  allow  the  azimuth  light  to  be  seen 
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over  the  axis  of  tbe  tran»it,  and  the  post  lioldinii^  the  lamp  at  night 
became  a  signal  for  the  theodolite  during  the  day  observations  and 
one  of  the  regular  directions  observed,  so  that  it  was  combined  with 
every  direction  measured  from  the  station. 

This  arrangement  allowed  an  independent  set  of  azimuth  to  bo 
observed  with  the  theodolite  in  the  usual  manner  for  a  check  of  the 
result  by  the  transit. 

Besides  these  two  independent  results  for  the  azimuth  of  the  mark,  we 
were  enabled  to  use  the  telescope  of  the  transit  for  a  collimator,  and 
by  setting  the  micrometer  wire  to  the  reading  of  line  of  collimation  when 
the  transit  was  playing  exactly  in  the  meridian  plane  (as  determined 
by  the  azimuth  correction  obtained  for  the  transit  at  night)  we  could 
l)oint  on  this  wire  with  every  set  taken  for  horizontal  directions  made 
during  the  day. 

The  result,  like  all  other  attempts  to  use  a  collimator  instead  of  an 
azimuth  light  by  me,  was  a  failure  because  of  the  movement  of  the 
telescope  in  azimuth.  This  transit  was  a  large  48incb- Trough  ton  & 
Simms,  with  a  heavy  iron  frame  mounted  on  a  brick  pier. 

A  specially  constructed  collimating  telescope  with  low  wyes  cast  on 
a  heavy  iron  plate,  which  plate  was  set  in  cement  on  the  top  of  a  solid 
brick  pier,  with  a  brick  arch  covering  the  whole  collimator,  and  the 
whole  instrument  covered  with  wooden  house  the  sides  and  roof  of 
which  were  double,  was  also  tried  at  Elliotts  Knob,  Virginia.  The 
opening  in  the  front  of  the  house  toward  the  theodolite  was  only  a  hole 
IJ  inches  in  diameter,  and  the  wires  of  collimntor  were  illuminated  by 
reflecting  the  light  of  a  lamp  outside  the  house  by  means  of  a  mirror 
through  the  collimator.  • 

This  collimator  was  used  as  an  azimuth  mark  for  night  observations, 
and  was  pointed  on  in  each  set  of  directions  measured  in  the  day.  It 
was  found  that  the  collimator  was  twisted  during  the  day,  foHowing 
the  sun,  but  returned  to  nearly  the  same  iwsition  during  the  night. 

SECONDARY  ASTRONOMICAL  onSERVATlONS. 

For  an  astrononucal  reconnaissance  where  extreme  aciuracy  is  not 
required,  observations  for  time,  latitude,  and  azimuth  can  he  made  with 
an  altaziniuth  instioiment,  or  vertical  circle,  as  it  is  called  on  the  Sur- 
vey. A  Gambey  repeater  of  10-inch  circles,  reading  to  iive  seconds  by 
four  verniers,  and  fitted  with  a  delicate  level  (value  I  div.=2"),  was 
used  by  the  writer  during  the  war  to  determine  points  for  a  military 
map  of  West  Virginia,  in  1863.  The  instrum'ent  was  mouuti^d  on  a  i)OSt 
of  wood  set  about  2  feet  in  the  ground,  and  the  operations  of  a  night 
were  as  follows : 

Observations  of  two  east  stars,  measuring  two  sets  on  each  stiir,  near 
the  i)rime  vertical. 

Observation  of  two  west  stars,  of  two  sets  ea<h,  in  the  same  manner, 
each  set  consisting  of  six  repetitions.  The  mean  of  these  eight  sets 
gave  a  result  for  time. 
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The  chrouometer  ^ya8  then  taken  to  the  telegrapli  office,  and  sip^nals 
were  exchanged  by  telegraph  with  the  Naval  Observatory,  after  which 
another  determination  of  time  was  made  in  the  same  manner  for  rate  of 
chronometer. 

Latitude  was  then  observed  on  north  and  south  stars  by  circumrae- 
ridian  zenith  distances.  Twelve  sets  of  six  repetitions  each,  as  evenly 
divided  as  possible  between  north  and  south  sets,  were  observed. 
The  time  necessary  for  observing  a  set  of  six  repetitions  was  four  to 
five  minutes,  either  for  time  or  latitude.  This  allowed  one  set  to  be 
observed  on  a  quick-moving  south  star,  while  on  a  slow-moving  north 
star  it  was  possible  to  measure  three  sets — one  before  culmination,  one 
on  meridian  (nearly),  and  one  after  culmination. 

The  same  method  was  pursued  in  the  survey  of  the  Tennessee,  Ohio, 
and  Mississippi  rivers  in  1864-65,  except  that  the  longitude  was  then 
obtained  by  transportation  of  chronometers. 

The  accuracy  of  results  obtained  was  as  follows: 

Time  could  be  determined  within  a  i)robable  error  of  ±  0"'2. 

Latitude  by  one  night's  observations  gave  an  average  probable  error 
of  result  of  ±  0"-7. 

RECORDS. 

Where  it  is  impracticable  to  make  the  original  record  in  ink,  a«  often 
hap])ens  when  an  observer  has  to  read  the  microscopes  and  also  keep 
the  record,  the  original  should  be  duplicated  as  soon  as  possible  in 
ink.  The  means  having  all  been  taken  by  one  person,  should  be  care- 
fully checked  by  a  second,  and  the  abstract  then  made  out  by  one 
person  and  checked  by  another. 

The  original,  in  pencil,  should  be  carefully  compared  with  the  dupli- 
cate in  ink,  and  then  the  original  should  be  inked  and  the  two  again  com- 
pared. After  this  has  been  done,  we  no  longer  need  either  the  original 
or  duplicate  record  in  the  field,  as  the  abstract  gives  us  all  the  data  we 
need  for  computing.  When  the  station  is  finished,  the  original  should 
be  sent  to  the  oftice,  the  duplicate  remaining  in  the  possession  of  the 
chief  of  party.  On  receiving  notice  from  the  office  that  the  original 
has  been  received,  the  duplicate  can  then  be  sent. 

FIELD   COMPUTATIONS. 

A  rough  computation  of  the  "triangle  sides,"  showing  how  the  trian- 
gles close,  the  difference  in  length  of  sides  by  two  determinations,  etc., 
must  be  kept  up  to  date  to  see  how  well  the  work  is  being  done.  For 
this  purpose  it  is  not  necessary  to  apply  the  correction  for  run  nor  to 
make  any  least  square  adjustment  either  for  station  or  sides  and 
angles.  The  position  com]>utation  should  also  be  kept  up,  so  as  to  be 
able  to  know  the  station  errors  in  latitude  and  azimuth  at  each  astro- 
nomical station. 
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At  the  end  of  the  Reason  tliese  computations  sliould  be  revised  before 
being  turned  in  to  the  offiee;  but  as  th«  ott^(^e  computation  is  nia<lo 
entirely  mdeix^ndent,  and  is  the  only  official  one  used  for  results,  tlie 
field  computation  is  of  use  only  to  give  approximate  results  more 
quickly  and  to  check  approximately  the  final  officte  computation. 

ACCOUNTS. 

As  the  accounts  of  field  officers  must  be  made  out  promptly  at  the 
end  of  each  month  and  in  addition  to  their  duties  as  surveyors,  the 
amount  of  clerical  work  necessary  to  be  done  by  the  chief  of  party, 
usually  with  no  clerical  assistance,  should  be  reduced  to  a  minimum, 
and  as  much  of  this  work  as  is  possible  should  be  done  in  the  disburs- 
ing office.  Accounting  officers  too  often  forget  that  the  keeping  of 
the  accounts  of  a  field  party  is  only  incidental  to  the  scientific  work 
done  by  the  parties,  and  that  the  only  time  the  chief  has  to  devote  to 
accounts  is  in  the  intervals  between  more  important  work;  and  for 
this  reason  the  amount  of  writing  and  duplicating  should  be  made  as 
small  as  possible. 

When  originals  of  any  accounts  for  a  month  are  received  by  the  dis- 
bursing agent,  he  should  acknowledge  them  at  once,  so  that  the  field 
officer  may  know  they  are  received  and  will  be  placed  to  his  credit  after 
examination. 

All  decisions  of  the  Comptroller  in  regard  to  accounts,  especially  new 
requirements,  should  be  sent  to  each  chief  of  party  an  noon  as  known, 
and  he  should  not,  as  is  too  often  the  case,  be  left  to  discover  changes 
in  methods  by  the  return  of  one  or  more  sets  of  accounts  ''disallowed" 
or  '^suspended." 


letter  prom  herbert  g.  ogden,  assistant. 

United  States  Coast  and  Geodetic  Survey  Office, 

Washington^  J).  6\,  February  6",  1894. 

I  have  the  pleasure  to  acknowledge  the  receipt  of  your  favor  trans- 
mitting an  invitation  from  the  Conference  to  submit  my  views  on  the 
subjects  presented  by  the  Superint<»ndent  for  the  consideration  of  the 
Conference.  It  is  evident  that  a  number  of  these  question  can  only 
be  satisfactorily  considered  after  an  examination  of  the  results  now  on 
file. 

BASE-LINE  MEASUREMENTS. 

Recent  investigations  of  line  measures  confirm  our  former  experi- 
ences in  the  reliability  of  measures  with  the  tape  in  certain  cases,  and 
show  that  with  improved  apx)liances  the  tape  may  also  be  used  where 
the  greatest  accuracy  is  desired.  How  far  it  would  be  i)racticable  to 
substitute  base  lines  of  lesser  ac^curacy  with  the  tape  or  some  other 
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appliance,  but  with  greater  frequeucy  than  has  heretofore  been  prac- 
ticed, I  think  can  be  best  determined  by  an  examination  of  the  schemes 
that  have  been  completed  under  a  system  of  base  lines  and  angular 
work  of  great  precision. 

In  primary  work  no  diminution  should  be  permitted  in  the  accuracy 
of  the  results;  but  in  relation  to  smaller  work — that  is,  tertiary  or  sub- 
sidiary between  the  stronger  schemes — it  is  quite  possible  that  such 
work,  being  checked  by  its  surroundings,  could  be  executed  with  a  less 
degree  of  refinement  and  be  perfectly  satisfactory. 

TRIANCfUI.ATION. 

I  believe  that  the  classes  of  trigonometrical  work  have  heretofore 
been  defined  more  by  the  length  of  the  sides  than  by  the  character  of 
the  work.  It  ha«  always  seemed  to  me  that  this  led  to  greater  or  less 
confusion,  as  many  schemes  embracing  sides  that  ordinarily  would  be 
considered  secondary  in  reality  form  a  piece  of  primary  work.  I  there- 
fore suggest  that  "primary  triangulation"  should  designate  only  the 
scheme  that  is  recognized  to  be  the  best  that  could  be  carried  through 
the  region,  limited  by  a  minimum  length  for  the  sides  of  the  triangles; 
the  '*  secondary  triangulation"  to  be  a  scheme  admitted  not  to  be  the 
largest,  nor  of  primary  value,  also  limited  by  a  minimum  length  of 
triangle  sides.  Anything  smaller  than  secondary  work  would  be  ter- 
tiary, and  those  schemes  to  be  used  exclusively  for  the  detail  to  be 
designated  ''subsidiary."  In  describing  a  piece  of  work  under  such  a 
plan,  we  might  have  a  "primary  triangulation"  with  secondary  sides 
or  a  "secondary  tri angulation''  with  primary  sides.  These  descriptions 
would  convey  quite  clearly  the  strength  of  the  work  and  the  general 
character  of  the  scheme. 

It  will  doubtless  be  admitted  by  all  that  primary  work  should  have 
the  greatest  strength  that  can  be  obtained  with  a  reasonable  degree  of 
effort  and  outlay.  But  j  ust  what  is  reasonable  it  would  be  hard  to 
define  by  rules  ;  and  it  seems  to  me,  therefore,  that  the  primary  work  of 
the  Coast  Survey  must  be  left,  as  heretofore,  almost  entirely  to  the 
judgment  of  the  officer  executing  the  work.  It  may  be  that  the  greatly 
improved  instruments  we  now  have  will  permit  of  the  establishment 
of  a  limit  of  probable  error  for  primary  angles,  and  that  when  this  has 
been  obtained  in  the  observations  no  further  measure  of  the  angles 
should  be  made,  of  course  the  observations  being  qualified  by  a  stated 
number,  as  the  minimum  of  repetitions  for  an  angle.  A  similar  rule,  or 
simply  to  limit  the  repetitions,  might  be  sufficient  in  secondary  tria|i- 
gulation  and  all  smaller  work. 

I  believe  it  is  (piit<3  possible  at  times  to  reduce  the  checks  required 
in  a  triangulation.  That  would  in  some  instances  lessen  the  number  of 
stations  to  be  occupied  and  the  number  of  angles  to  be  measured. 
With  imperfect  instruments  we  naturally  teel  that  the  che(!k  should 
be  strong;  but  with  those  now  available  I  see  no  reason  why  x)laiu 
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triangles  should  not  be  occasionally  introduced  without  fear  of  materi- 
ally aflFecting  the  reliability  of  the  resulting  work.  The  quadrilateral, 
we  may  admit,  affords  all  the  check  that  is  necessary  for  the  strongest 
work.  Upon  the  reduction  of  the  quadrilaterals  mc  can  judge  of  the 
value  of  a  triangle  and  the  reliability  of  the  instrument  used,  and 
therefore  where  difficult  ground  is  encountered  that  could  be  readily 
overcome  by  the  use  of  the  single  triangle  but  would  require  great 
labor  to  spread  a  stronger  figure,  it  seems  to  me  that  the  triangle  might 
be  accepted,  provided,  of  course,  that  the  instrument  has  been  demon- 
strated to  be  a  reliable  one. 

The  schemes  of  triangulation  proposed  in  late  years  for  the  complel43 
survey  of  the  whole  country  are  doubtless  quite  sufficient.  The  grid- 
iron system  has  entirely  supplanted  the  original  suggestion  of  Professor 
Peirce,  to  cover  the  whole  territory  of  the  United  StJites  with  a  figure 
that  would  form  one  huge  quadrilateral.  The  later  projects  are  prob- 
ably more  easy  of  attainment,  and  will,  I  believe,  afford  a  better  dis- 
tribution of  the  work  for  the  subsequent  delineation  of  details,  and 
probably  will  be  quite  sufficient  for  combination  with  the  work  abroad 
in  ascertaining  the  figure  of  the  earth.  The  projects  of  other  nations 
will  doubtless  be  studied  in  this  connection,  to  fully  determine  the  rela- 
tions that  may  bo  practicable. 

My  brief  experience  in  Alaska  was  quite  sufficient  to  satisfy  me  that 
any  attempt  to  carry  a  primary  triangulation  from  the  mountain  tops 
would  be  one  of  great  labor  and  expense,  arising  from  the  grejit  preva- 
lence of  cloud  and  mist,  obscuring  the  view  from  any  considerable  ele- 
vation. For  days  at  a  time  the  mountain  summits  are  in  clouds,  while 
along  the  water  it  is  clear  and  good  observing  weather.  A  triangula- 
tion near  the  water,  or  not  many  hundred  feet  above,  would  probably 
be  the  most  iirsicticable  if  we  consider  time  and  expense;  and  there 
are  many  hills  of  200  or  300  feet  in  elevation  that  could  bo  utilized  in 
such  work,  i)ermitting  generally  a  much  better  scheme  than  could  be 
conducted  from  the  shore  line  directly. 

The  work  we  now  have  in  Alaska  is  doubtless  quite  sufficient  for 
local  purposes  of  cartography,  and  I  believe  it  is  very  questionable  if 
we  require  a  stronger  scheme  laid  over  it  until  such  time  as  the  country 
indicat<\s  a  far  greater  development  to  be  possible  than  we  now  have 
any  reason  to  anticii)ate. 

From  the  northward  and  westward  of  Cross  Sound,  the  northern 
boundary  of  the  Alexander  Archi])elago,  we  have  a  long  stretch  of 
coast  to  the  Aleutian  Islands,  over  which  it  would  be  difficult  to  carry 
a  triangulation  of  precision,  principally  in  consequence  of  the  fogs 
which  usually  prevail  in  the  summer  season ;  but  I  am  firmly  of  the 
opinion  that  no  attempt  should  be  made  to  conduct  work  of  tliat  order 
along  this  stretcli  of  coast.  A  first-class  reconnaissance,  1  believe,  will 
be  sufficient  to  develop  the  region  to  the  full  measure  of  its  value. 
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In  exteudiug  the  work  over  the  Aleutian  Islands  the  reconnaissance 
can  be  strengthened  by  basing  it  upon  a  triangulation,  but  I  doubt  if 
it  should  be  a  work  any  stronger  than  is  necessary  for  cartographic 
purposes. 

To  the  northward,  along  the  shores  of  Bering  Sea,  I  believe  a  first- 
class  reconnaissance  would  be  all  sufficient,  for  the  same  reasons  I  have 
assigned  for  that  section  of  the  coast  north  and  west  of  Gross  Sound. 
Probably  one  of  the  most  important  places  to  be  examined — the  mouth 
of  the  Yukon  Biver — is  within  this  section.  There  have  been  in  the 
past  several  reports  that  there  is  a  deep- water  entrance  in  one  of  the 
mouths  of  this  river,  and  I  should  consider  it  desirable  to  have  an 
examination  made  of  the  whole  delta  at  the  earliest  practicable  date 
to  determine  the  most  available  entrance  to  the  river. 

TS  (JENKRAL. 

« 

It  does  not  seem  to  me  i)ossible  to  make  any  fixed  rules  to  govern 
party  organization,  camps,  outfit,  etc.,  as  ejich  case  ^lU8t  depend  very 
largely  upon  the  nature  of  the  country  and  the  importance  of  the  work 
undertaken,  especially  in  regard  to  the  necessity  for  immediate  execu- 
tion. Where  there  is  ample  time,  party  outfit  can  be  considerably 
reduced  and  the  expenditure  distributed  over  a  longer  period  than 
would  be  deemed  desirable  if  the  work  were  in  a  locality  that  required 
the  results  to  be  obtained  in  the  shortest  possible  time. 

Rules  to  govern  the  degree  of  accuracy  required  in  a  field  computa- 
tion should  be  suggested  by  the  chief  of  the  computing  division;  but  I 
think  we  should  bear  in  mind  the  desirability  of  reducing  the  labor  of 
the  field  computation  to  the  minimum,  for  to  produce  a  complete  reduc- 
tion frequently  requires  an  expenditure  of  time  on  the  part  of  the  field 
officer  in  the  preparations  of  computations,  afterwards  duplicated  in 
the  office,  that  might  be  delegated  to  the  experts  of  the  office  force  in 
the  first  'place,  thus  relieving  the  field  officer  for  new  operations  in  the 
field. 

As  I  have  had  but  one  season's  experience  in  the  field  for  a  number 
of  years,  I  do  not  feel  justified  in  criticising  the  (juestion  of  accounts 
and  relations  of  field  officers  to  the  disbursing  agent.  It  gives  me 
pleasure  to  put  on  record,  however,  that  the  single  experience  I  have 
had  of  late  was  entirely  sjitisfactory  to  me,  althcmgh  I  found  very  many 
changes  had  been  made  in  the  system  of  rendering  accounts  since  my 
previous  field  service.  And  it  seems  to  me  that  the  present  regulations 
permitting  sup])lemental  accounts  for  arrears  that  could  not  be  included 
when  the  party  accounts  for  the  month  were  rendered  affords  every 
facility  that  is  essential  for  the  proper  classification  of  expenditures 
under  dates  and  periods. 
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letter  from  henry  l.  whiting.  assistant. 

United  States  Coast  and  Geodetic  Survey, 

West  Tiahury^  Mohh.^  February  6, 1S94. 

My  presence  in  Boston  and  attention  to  matters  connected  with  the 
publication  of  the  report  of  the  State  commission,  which  could  not 
well  be  set  aside,  is  my  excuse  for  not  sooner  replying  to  your  letter 
relating  to  the  Geodetic  Conference  and  the  invitation  to  present  in 
writing  my  views  or  comments  on  any  of  the  subjects  mentioned. 

In  response  I  feel  induced  to  submit  a  few  remarks  on  the  topic  of 
"Schemes  of  triangulation,  necessary  and  desirable,  bearing  in  mind 
their  utility  in  fixing  boundary  lines  (State  and  national)." 

I  am  led  to  this  not  as  offering  suggestions  to  yourself  and  the  other 
Assistants  of  the  Survey  wiio  have  had  more  experience  than  I  in  this 
branch  of  our  work,  but  to  give  such  information  concerning  the  prac- 
tical execution  of  the  Massachusetts  town  boundary  survey  as  my  con- 
nection with  it,  and,  in  fact,  direction  of  it,  as  the  executive  member  of 
the  State  commission,  has  enabled  me  to  possess,  and  that  may  bear 
on  the  subjects  you  have  under  consideration. 

This  survey  of  Massachusetts  is,  so  far  as  I  am  aware,  the  first  work 
of  the  kind  systematically  undertaken  by  any  State,  and  is  therefore, 
from  lack  of  precedent,  largely  experimental  in  its  oy)erations. 

At  the  outset  of  the  Massachusetts  surveys  the  commissioners,  fore- 
seeing the  necessity  of  very  considerable  additional  triangulatiou 
beyond  that  of  the  Borden  survey  and  the  far-reaching  stations  of  the 
Coast  and  Geodetic  Sui-vey  in  the  interior  of  the  State,  and  as  Con- 
gress had  already  provided  that  the  (Joast  and  Geodetic  Survey  should 
furnish  neees-sary  triangulation  to  any  State  making  its  topograph- 
ical or  geological  survey,  the  commission  applied  to  its  superintendent 
to  supply  such  additional  triangulation  to  Massachusetts  as  might  be 
needed  in  the  proper  execjution  of  the  contemplated  work,  to  which  a 
most  cordial  affirmative  response  was  given. 

The  vague  and  inaccurate  manner  in  which  the  boundary  lines  of 
many  towns  are  described  and  the  imperfect  way  in  which  they  have 
been  located  are  facts  within  the  knowledge  of  nearly  every  selectman 
or  those  who  have  had  to  do  with  municipal  atfairs.  A  good  topo- 
graphical map,  upon  which  the  locations  of  town  lines  are  accurately 
shown,  will  be  a  great  auxiliary  in  identifying  the  positions  of  the 
various  points  and  angles  in  them;  but  the  determination  of  the  lines 
should  not  be  an  incident  in  the  survey  or  depend  upon  the  ])lottings 
of  the  map,  but  should,  on  the  contrary,  be  effected  with  such  precision 
as  to  be  a  basis  for  the  survey  itself  and  form  a  framework,  as  it  were, 
to  which  all  other  surveys  within  its  limits  could  be  referred. 

The  laws  of  Massachusetts  relating  to  this  matter  are  not  sufficiently 
definite  or  comprehensive. 
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By  the  provisions  of  the  Public  Statutes  (1882),  chapter  27,  sections 
1  to  G,  a  duty  is  imposed  on  the  selectmen  of  towns,  under  a  forfeiture 
of  $20,  namely,  "There  shall  be  a  perambulation  of  towii  lines,  and 
they  shall  be  run  and  the  marks  renewed  once  in  every  five  years." 
There  is  no  system  of  survey  nor  manner  of  running  these  lines  pre- 
scribed, and  it  may  and  does  occur  that  adjoining  towns  use  different 
ways  and  means  in  performing  this  work,  with  different  degrees  of 
accuracy,  which  must  of  necessity  give  different  results.  In  many 
cases  the  only  bases  for  the  location  of  a  town  boundary  are  in  the 
monuments  marking  the  angles  in  their  respective  lines.  These  are 
often  in  hidden  and  inaccessible  places,  on  the  summits  or  in  the  gorges 
of  wooded  mountains  and  hills,  where  their  positions  in  relation  to  other 
points  can  not  be  accurately  determined  by  ordinary  processes  of  sur- 
veying. 

The  system  of  determining  town  lines  by  triangulation  was  a  part  of 
Mr.  Simeon  Borden's  masterly  scheme  of  the  State  survey,  devised  fifty 
years  ago,  and  was  partially  carried  out  and  several  points  in  the  State 
boundary  line  were  included  in  his  triangulation,  but  the  determination 
of  town  boundaries  was  not  practically  carried  out.  Such  a  i)lan  would 
give  to  the  State  government,  and  to  each  municipality  in  it,  a  perfect 
record  of  the  exact  boundary  of  each  city  and  town  in  the  Common- 
wealth, and  in  so  methodical  and  precise  a  manner  that  any  city  or 
town  engineer  or  ordinary  land  surveyors  could  reproduce  the  exact 
position  of  any  point  in  any  line.  The  system  of  record  should  be 
uniform  with  that  of  the  other  geographical  positions  determined  by 
the  triangulation  of  the  State  survey,  giving  the  latitude  and  longitude 
of  each  point,  probably  within  1  or  2  feet  of  its  true  position;  whereas, 
as  now  described,  many  angles  and  even  whole  lines  are  probably  out 
of  position  hundreds  of  yards,  and  in  some  pla<^'es  hundreds  of  rods. 

In  their  various  reports  to  the  commission  the  field  officers  refer  to 
continued  embarrassment  in  conducting  the  survey  because  of  the 
uncertain  and  imperfect  records  of  township  boundaries  and  the  diffi- 
culty of  obtaining  reliable  information  in  regard  to  them.  Many  citi- 
zens officially  interested  in  this  class  of  imblic  matters  are  unaware  of 
the  nature  and  detail  of  the  present  survey,  and  of  how  nuich  the  State 
is  doing  through  its  commissioners  that  should  be  done  by  its  munic- 
il)al  officers.  If  the  perambulation  records  were  even  geographically 
described,  and  distinguishable  marks  put  in  place  to  indicate  where 
the  boundary  angles  and  corners  were,  the  labor  and  cost  of  their  accu- 
rate determination  by  triangulation  would  be  much  lessened.  It  may 
not  be  out  of  place  in  this  connection  briefly  to  describe  some  of  the 
detailed  operations  of  the  present  survey. 

On  going  into  a  new  section  the  officer  in  charge  first  gets  from  the 

selectmen  of  the  towns  concerned  copies  of  the  latest  perambulations. 

In  cases  where  the  selectmen  are  in  doubt  as  to  a  certain  corner  or 

angle,  they  look  up  older  perambulations  and  confer  with  former  sele^t- 

S.  Ex.  19,  pt.  2 26 
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men  in  regard  to  them.  After  getting  all  the  information  obtainable, 
officers  of  the  survey  go  on  to  the  ground,  taking  up  one  town  at  a 
time  and  finding  successively  every  corner  in  the  line.  They  then  ascer- 
tain, by  climbing  trees  and  going  on  the  top  of  hills  nearest  each  bound- 
ary point,  what  known  stations,  or  available  sites  for  new  ones,  will 
command  the  respective  corners  or  boundary  points,  and  decide  as  to 
the  height  of  the  signal  necessary  in  each  case.  The  height  of  the 
signals  to  be  erected  varies  from  8  to  100  feet.  The  shorter  signals  are 
usually  built  directly  on  the  monument.  Where  a  signal  has  to  be  from 
50  to  100  feet  high,  it  is  generally  in  conseiiuence  of  w^ooded  ground, 
where  tall,  straight  young  trees  can  be  cut,  and,  if  necessary,  several  of 
them  8i)liced  together.  Three  wire  guys  are  then  made  fast  to  the  sig- 
nal pole  at  each  jAskce  where  it  is  spliced.  A  fall  and  block  is  made 
fast  to  the  signal  and  to  some  suitable  tree  near  it,  and  the  signal  is 
raised  into  place.  Where  it  is  not  possible  to  make  a  boundary  corner 
a  point  of  triangulation,  a  station  is  selected  as  near  the  corner  as 
practicable,  and  a  traverse  run  to  the  boundary  point.  These  traverse 
measurements  are  made  with  a  steel  tape.  Where  a  bend  in  the  trav- 
erse line  is  necessary,  the  angle  of  deflection  is  carefully  measured  with 
the  theodolite.  Each  evening  the  angles  taken  during  the  day  are 
checked  and  an  abstrac^t  made  of  them.  A  rough  ^'triangle  sides" 
computation  is  also  kept  up. 

The  work  of  locating  tlie  town  boundaries  by  triangulation  is  a  much 
greater  undertaking  than  was  supposed  at  the  outset.  In  fact,  it 
involves  a  second  triangulation  of  the  State  and  a  determination  of 
some  thousands  of  points  in  addition  to  the  few  hundred  which  the  first 
survey  by  Mr.  Borden  comprehended.  But  its  value  when  completed 
is  so  evident  that  no  one  who  understands  it  can  fail  to  see  that  it  is  a 
work  of  eminently  practical  economy.  The  present  condition  of  the 
records  of  town  boundaries  is  simply  scandalous  in  a  State  like  Massa- 
chusetts. The  law  of  the  Commonwealth,  which  provides  for  the  per- 
ambulation or  "ninning  out"  of  all  the  town  boundaries  once  in  five 
years,  was  well  devised  to  secure  the  intended  object,  namely,  the  pres- 
ervation of  town  boundaries ;  but  the  implied  requisition  of  a  quinquen- 
nial resurvey  of  the  lines  is  practically  a  dead  letter,  all  the  towns  justly 
regai'ding  it  as  involving  an  unreasonable  and  unnecessary  expense. 

The  general  custom  throughout  the  State  has  been  for  the  selectmen 
of  every  two  adjacent  towns  to  visit  together  the  monuments  of  the 
l>oundary  as  described  in  previous  perambulation  records,  and  if  the 
monuments  were  found  standing  a  new  i)erambulation  record  was  filed 
as  required  by  law,  usually  copied  from  the  former  one,  not  infre- 
quently  i^ei-petuating  gross  errors  and  sometimes  introducing  new  ones 
to  be  copied  in  future  records.  Since  each  new  set  of  perambulation 
records  is  signed  by  the  representatives  of  the  two  towns  interested, 
subsequent  dispute  or  litigation  over  the  locations  of  town  boundaries 
would  seem  to  be  debarred.     But  as  years  pass  on  there  is  great  danger, 
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even  with  this  precaatioD,  that  coufusion  will  ultimately  arise  from  the 
uncertainty  attending  the  positions  of  monuments  remote  and  incon- 
veniently accessible  from  human  habitations.  In  fact,  a  comparison  of 
the  later  perambulation  records  of  many  towns  with  ones,  more  ancient 
shows  that  changes  have  taken  place  in  boundaries  as  at  present 
recognized,  quite  important  in  the  amount  of  territory  involved,  but 
unauthorized,  by  legislative  action.  Other  perambulation  records  are 
so  vague  and  indefinite  in  their  descriptions  of  locations,  directions,  and 
distances  that  it  would  be  difficult,  if  not  impossible,  to  say  where  the 
real  boundary  was  to  be  found.  Sometimes  the  actual  boundaries  as 
recognized  by  the  selectmen  are  essentially  different  from  those  given 
in  somewhat  recent  acts  of  incorporation,  and  seem  to  require  confirma- 
tory legfslative  action. 

It  often  hapx)ens  that  the  knowledge  of  the  location  of  a  sequestered 
monument  is  confined  to  the  memory  of  a  single  person,  whose  age  and 
decrepitude  make  it  difQcult  for  him  to  go  to  the  place  and  point  it  out. 
There  are  many  boundary  monuments  of  whose  locations  no  available 
record  exists  suflftcient  to  restore  them  if  personal  memories  of  them 
should  be  lost  by  the  death  of  the  person  or  persons  possessing  these 
memories;  nor  could  any  change  of  locations  arising  from  carelessness 
or  malicious  mischief  be  detected.  After  the  work  now  in  i)rogress  is 
completed,  whose  cost,  at  the  rates  of  the  work  already  done,  will  not 
be  likely  to  exceed  the  cost  of  a  single  ^*  running  out"  of  the  lines  by 
the  older  methods  of  chain  and  compass,  there  can  be  no  danger  of 
losing  the  position  of  a  monument,  since  it  can  be  restored  with  abso- 
lute certainty  from  the  chain  of  triangulation  points  upon  which  the 
whole  work  is  based. 

QUALITY   OP   THE   MASSACHUSETTS   WORK. 

In  order  that  the  town  boundary  survey  of  Massachusetts  might 
have  the  benefit  of  the  criticism  of  the  Coast  and  Geodetic  Survey,  and 
its  indorsement  if  deserved,  the  State  commissioners  requested  the 
Superintendent  to  inform  them  of  the  result  of  the  examination  of  the 
data  submitted  for  that  purpose.  The  following  are  quotations  from 
the  report  of  Mr.  Schott  upon  the  subject: 

.CoMPiTTiNij  Division  Coast  and  Geodetic  Survey, 

Washington,  D,  C,  January  SO,  1891, 

Dear  Sir:  At  tho  request  of  the  commissioners  for  Massachusetts,  and  for  their 
Information,  I  have  the  honor  to  ro.port  to  yon  the  present  state  of  the  computations 
covering  the  triangulation  made  in  tho  years  1885  to  1889,  inclusive.  The  work  com- 
prises mainly  triangulation  needed  for  tho  determination  of  the  houndaries  of 
counties  and  towns. 

Tho  computations  and  adjustments  were  intrusted  to  Mr.  E.  II.  Courtenay,  of  the 
computing  division,  one  of  the  most  experienced  computers  in  this  branch  of  the 
Survey.  In  general,  tho  method  employed  is  that  stated  by  mo  in  the  introduction 
to  the  ^^Geographical  positions  in  the  States  of  Massachusetts  and  Rhode  Island/' 
Appendix  No.  8,  Report  of  the  United  States  Coast  and  Geodetic  Survey  for  1885. 
The  principal  figares  for  adjustment  by  the  method  of  least  squares  were  laid  oat  &vl^ 
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attended  to  by  Mr.  Courtenay,  and  assistance  was  given  him  for  the  solution  of  the 
numerous  equations  involved  and  for  all  mere  clerical  vrork.  The  services  of  Mr. 
Daniel  L.  Hazard  were  furnished  by  the  comuiissiou,  and  these  were  given  in  the 
most  effective  manner  since  he  reported  here  for  duty,  December  13,  1889. 

Two  thousand  five  hiiudred  and  nioety-fivo  triangles,  of  which  about  three- fourths 
are  completed,  will  ultimately  be  ])laced  in  the  hands  of  the  commission,  as  well  aa 
1  112  positions  of  trigonometrical  stations,  of  which  about  one-half  are  at  present 
completed.  The  boundary  work  of  1885-1889  thus  exceeds  in  results  all  that  had  pre- 
viously been  done  in  the  same  region,  and  nearly  equals  the  work  previously  doue  in 
the  entire  State  by  the  Coast  aud  Geodetic  Survey,  inclusive  of  Borden's;  and  it 
should  be  borne  in  mind  that  this  new  work  covers  but  two-fifths  of  the  area  of 
the  8tate. 

The  quality  of  the  work  is  somewhat  inferior  to  the  best  of  the  secondary  work 
previously  executed.  This  is  owing  in  part  to  the  great  number  of  eccentric  stations 
employed  aud  the  numerous  spires  observed  and  occupied,  and  yet  I  consider  it  suffi- 
ciently accurate  for  the  purpose  iutended.  The  work  is  so  interlaced  that  no  serious 
error  could  exist. 

Yours,  respectfully,  Chas.  A.  Schott, 

Jaaiatanty  in  charge  Computing  Divinon, 

Dr.  T.  C.  Mkndkniiali., 

Superintendent  United  ^Stutes  Coast  and  (ieodetic  Survey. 

Considering  the  peculiarities  of  a  manicipal  boundary  survey  like 
that  of  Massachusetts  in  relation  to  the  difficulties,  labor,  and  expense 
of  its  execution,  the  determination  of  points — *' corners''  and  "angles" — 
in  the  various  lines,  is,  perhaps,  the  best  criterion  of  the  value  and 
amount  of  work  accomplished  in  a  given  time  and  at  a  given  cost, 
rather  than  the  number  of  townships  surveyed  or  the  area  of  country 
included  in  them. 

The  method  of  determining  special  i>oints  previously  located,  in 
obscure  as  well  as  in  accessible  i>]aces,  differs  essentially  from  that  of 
ordinary  triangulation,  where  the  points  are  selected,  as  far  as  practi- 
cable, to  form  well-conditioned  triangles,  and  where,  if  a  location  does 
not  answer  this  purpose,  another  is  sought  for  that  will  do  so.  But  in 
the  case  of  boundary  points,  many  of  which  are  in  thick  woodland,  in 
hollows  and  swamps,  and  otherwise  inaccessible  positions,  the  scheme 
of  work  must  be  so  arranged  as  to  reach  and  determine  each  individual 
point.  In  other  words,  the  triangulation  must  conform  to  the  situation 
of  existing  points  since  the  situation  of  points  can  not  be  arranged  to 
favor  the  triangulation. 

PAETY  OBGANIZATION — GAMPS  AND  OUTFIT;    POSSIBILITV  OF  REDUC- 
TION IN  THEIR  SIZE  AND   COST. 

Tliis  question  is  one  of  the  most  iini)ortant  and  cuitical  we  have  to 
deal  with. 

Ilealth,  strength,  enthusiasm,  and  the  consciousness  of  being  well 
supported  and  well  supplied  are  large  elements  of  success  in  sustaining 
the  mental  and  physical  incentives  to  labor  in  performing  the  work 
aired  in  the  field  operations  of  the  Coast  Jind  Geodetic  Survey.     I 
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need  not  quote  the  military  philosopher  who  has  said  that  to  defeat 
the  enemy  he  only  asked  the  control  of  the  commissariat.  Good  tents 
or  quarters  or  cabius,  good  beds,  cots,  or  berths,  promoting  rest  and 
sleep,  and  good  food  should  be  provided.  I  believe  it  true  of  all  the 
field  corps  of  the  Survey,  that  they  are  ready  and  willing  to  bear  expo- 
sure and  privation  in  emergency;  but  to  be  on  "short  commons'' 
throughout  a  long  season  is  not  in  the  logic  of  best  economy  or  besL 
results. 

For  the  transportation  of  the  personnel,  instruments,  and  equipments 
of  our  field  parties  the  most  approveil  appliances  should  be  provided. 
We  see  this  i>rinciple  Qxemplifted  in  organizations  where  efficiency  and 
economy  are  the  keys  to  the  situation.  In  the  transportation  of  our 
mails  and  the  matter  of  our  large  express  companies,  the  best  horses, 
best  harness,  and  most  suitable  wagons.  In  work  that  requires  the 
use  of  vessels  and  boats,  they  should  be  adapted  to  the  nature  of  the 
survey,  the  climate,  and  the  waters  in  which  they  are  to  be  used. 
Crews  should  be  sufficient  for  the  most  effective  service. 

With  regard  to  instruments,  the  late  Topographical  Conference  con- 
sidered and  reported  at  length,  and  I  think  with  wisdom,  on  that  sub- 
ject. I  have  lately  received  a  letter  in  acknowledgment  of  a  copy  of 
the  report  of  the  Topographical  Conference  in  which  the  writer,  who  is 
among  our  best  instrument  makers,  says : 

From  a  peruMal  of  it  I  find  it  to  contain  much  of  interest  to  ns  and  to  our  profession, 
and  as  soon  as  time  permits  we  shan  be  glad  to  act  on  some  of  the  saggestions  made 
by  the  experts  of  the  Coast  aud  Geodetic  Survey  so  far  as  they  relate  to  improve- 
ments in  the  instruments  we  manufacture. 

This  is,  at  least,  one  of  the  good  i)oint8  of  our  conference. 

For  the  examination,  repair,  and  adjustment  of  instruments  intended 
for  the  field,  the  office  of  the  Survey  would  seem  to  be  the  proper  place. 

I  hope  my  colleague  will  bear  with  me  in  these  perhaps  unneces- 
sary remarks,  when  they  bring  to  mind  the  fact  that  in  some  of  the 
branches  of  the  Survey  I  have  had  an  experience  of  a  good  many 
years,  both  with  my  own  party  and  in  visiting  many  others  of  the  Sur- 
vey. I  can  at  least  give  this  testimony,  that  so  far  as  my  observa- 
tion has  gone  the  parties  that  have  been  the  best  eqnipi)ed  are  those 
that  have  done  th^  most  and  the  best  work. 


letter  from  edward  goodfellow,  assistant. 

United  States  Coast  and  Geodetic  Survey, 

Washington^  JD.  C,  January  27 ^  1894, 

In  response  to  your  recent  letter  conveying  an  invitation  to  present 
in  writing  my  views  on  any  or  all  of  the  subjects  outlined  for  discus- 
sion by  the  Geodetic  Conference,  I  would  submit  a  brief  statement  with 
regard  to  base  measurement. 
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It  may  be  assumed,  perhaps,  that  as  iu  the  past  there  have  been 
needed  in  the  progress  of  the  Survey  some  bases  measured  with  a  high 
degree  of  iiccuracy  and  a  larger  number  measured  with  less  refine- 
ment, so  it  will  be  in  the  future,  and  that  the  study  of  the  highest 
degree  of  precision  of  measurement  will  continue,  due  regard  being 
paid  to  economy  in  cost  and  time. 

The  table*  which  I  present  to  accompany  this  communication,  giving 
data  in  regard  to  the  chief  primary  bases  measured  since  18:^,  may  be 
of  service  to  the  Conference. 


LETTER  FROM  F.  W.  PERKINS,  ASSISTANT,  INCLOSING  A  COMMU- 
NICATION  FROM  FOREMAN  E.  E.  TORREY  RELATING  TO  THE 
BUILDING  OF  HIGH  TRIPODS  AND  SCAFFOLDS  FOR  OBSERVING 
PURPOSES. 

WASHiNaxON,  D.  C,  February  2ij  1894. 

I  hand  you  herewith  an  article  upon  signal  building  which  was  pre- 
pared at  my  request  by  Foreman  E.  E.  Torrey,  whose  extensive  experi- 
ence iu  building  high  tripocls  and  scaffolds  gives  it  special  value: 

NOTES   ON   SIGNAL  BUILDING. 

[By  E.  E.  Torrey.] 

The  signal  may  be  framed  at  any  convenient  place,  the  pieces  num- 
bered, and  then  hauled  to  the  ^.  If  the  framing  is  to  be  done  on  the 
ground  it  is  best  to  separate  the  lumber  into  piles  of  the  different 
lengths,  so  that  each  desired  piece  may  be  readily  selected  when  required 
by  the  carpenters.  The  timbers  not  needed  in  the  earlier  operations, 
such  as  the  inside  braces,  floor  scantlings,  and  stairways,  should  be  used 
as  sleepers  to  make  a  level  surface  for  accurate  training.  The  tiooring 
and  other  boards  may  be  made  into  a  temporary  shed  to  shelter  the 
tools  and  ropes  from  the  weather. 

Up  to  75  feet  iu  height  one  side  of  tripod,  completely  framed,  may  be 
raised  at  once.  The  derrick  should  be  at  least  two-thirds  of  the  height 
of  the  structure  to  be  raised.  If  a  suitable  tree  shcftild  happen  to  be  in 
a  convenient  place,  it  may  be  utilized  as  a  derrick  and  afterwards  cut 
down  and  removed  5  but  one  can  be  quickly  made  by  using  the  lower 
two  sections  of  the  scaffold  legs,  the  top  ends  lashed  securely  together 
and  the  bottoms  spreading  about  3  feet  apart,  like  a  pair  of  shears. 
Temporary  cleats  should  be  nailed  along  its  length  to  keep  the  two 
parts  from  spreading.  This  makes  a  good  derrick  and  from  material 
already  at  hand.  Use  three  guys  to  the  derrick.  The  back  guy,  which 
should  lead  directly  opposite  from  the  weight  to  be  raised,  should  be 
very  strong  and  preferably  a  tackle.  The  other  guys,  which  should  lead 
at  an  angle  of  120^  from  the  back  guy  (and  from  each  other),  may  be  of 


*  Table  embodied  in  the  report  of  the  Committee  ou  Base  Lines. 
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lighter  rope,  as  but  little  strain  should  come  on  them.  Should  the  scaf- 
fold legs  be  of  light  material,  it  would  be  well  to  put  a  middle  set  of 
guys  on  the  derrick  to  prevent  its  "buckling"  under  the  straiu.  For 
the  side  guys  strong  posts  set  4  feet  in  the  ground  at  an  angle  inclining 
from  the  A  will  be  sufficient  to  secure  to,  but  I  would  not  risk  such  a 
fastening  for  the  back  guy.  If  there  is  no  natural  object,  such  as  a  tree 
trunk,  in  the  desired  direction,  a  pit  should  be  dug  4  feet  deep  and  6  feet 
long  at  right  angles  to  the  guy  rope.  At  the  bottom  of  this  a  round 
log  6  inches  or  so  in  diameter  is  placed,  with  a  stout  strap  around  its 
middle  to  hook  the  tackle  of  gfly  to.  A  narrow  trench  should  be  dug 
sloping  from  the  middle  of  the  log  (or  "dead  man")  to  the  surface  of 
the  ground,  so  that  the  direction  of  the  strain  shall  be  in  a  straight  line 
from  the  log  underground  to  the  top  of  the  derrick. 

For  hoisting,  a  portable  winch  with  pawls,  secured  to  the  foot  of  the 
derrick,  is  desirable;  but  if  the  hoisting  is  done  through  a  leading  block 
with  horses  or  other  i)ower,  it  should  be  seen  to  that  the  foot  of  the 
derrick  is  well  secured,  and  it  would  be  well  to  have  a  man  with  a  snub- 
bing rope  on  the  fall  to  control  the  hoisting. 

In  digging  the  holes  for  the  foundation  do  not  spend  time  in  getting 
the  bottoms  all  exactly  on  the  same  level,  especially  if  the  ground  is 
sloping  or  uneven,  but  dig  one  of  them  to  the  depth  as  required  by  the 
plan,  and  use  it  as  a  bench  mark  for  the  others.  After  the  platforms 
are  tamped  in  the  holes  and  the  shoes  set,  get  a  round  of  levels  of  the 
different  platforms  and  saw  off  the  lower  ends  of  the  tripod  and  scaf- 
fold legs  either  above  or  below  the  mark  of  the  plan  length,  as  the 
differences  in  depths  of  the  holes  require.  Care  must  be  taken  to  get 
solid  foundation  for  the  platforms  to  i)revent  settling  of  the  signal  when 
up.  In  marshy  ground  dig  the  holes  deep,  lay  a  tier  of  small  logs  across 
the  bottom,  ram  them,  and  cover  with  a  layer  of  dry  earth  before  setting 
up  the  plank  platforms. 

FRAMING  TKIPOI). 

Make  scarfing  for  splices  as  described  by  Assistant  C.  ().  Boutelle; 
that  is,  3  feet  in  length,  with  hooked  ends,  and  use  5  bolts  to  each 
splice.  When  the  lower  lengths  of  the  tripod  legs  are  of  larger  dimen- 
sions than  the  upper,  which  they  should  be  in  a  high  signal,  an  offset 
should  be  made  in  the  larger  sticks,  so  that  the  outside  faces  of  the 
completed  legs  may  be  in  a  continuous  line.  The  splices  should  be 
fitted  snugly  together,  the  bolts  inserted,  and  nail  holes  on  ends  of  the 
scarfs  bored.  The  nails  are  not  driven  at  this  time  if  the  tripod  is  to 
be  raised  in  sections.  The  legs,  now  bolted  to  their  full  length,  are 
laid  on  the  sleepers  as  level  as  possible  and  measured  and  marked  for 
the  chamfering.  Measure  the  length  of  each  section  of  leg  to  make 
certain  that  no  part  of  the  bnicing  shall  come  on  a  splice.  Beginning 
at  the  top  ends,  nmke  a  mark  across  tiic  back  with  a  T  square,  and  with 
the  bevel  square  along  the  sides.  The  angle  at  which  the  bevel  should 
be  set  may  be  computed  or  taken  from  the  working  plan.    The  full 
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length  of  the  leg,  as  taken  from  the  plan,  is  me-asured  carefiilly  along 
the  leg,  and  similar  marks  made  parallel  to  those  at  the  top.  Be^^inning 
at  the  top  again,  the  distances  to  each  of  the  cross  braces  are  measured 
and  marked.  The  measures  should  he  verified  to  prevent  mistakes. 
The  top  ends  may  now  be  sawed  oft'  on  the  marks,  and  the  bottom  ends 
either  so  much  above  or  below  the  mark  of  the  plan  length  as  the  dif- 
ference in  levels  of  tlie  foundatioji  idatforms  may  require.  The  inside 
of  the  top  ends  are  cut  to  angle  12(P,  so  that  the  three  sticks  may  come 
snugly  together  at  the  top  when  up.  Make  chamfers  1-5  inches  and 
2'()  inches  as  bearing  surfaces  to  nail  the  braces  to.  They  do  not  mate- 
rially weaken  a  G  by  0  inch  timber.  It  is  convenient  to  make  a  pattern 
for  this  chamfer  by  nailing  two  strips  of  wood  together  edgewise,  18 
inches  long  and  the  required  inside  measures.  All  the  chamfers  on  the 
three  legs  being  made,  two  of  the  legs  are  stretched  along  the  sleepers 
with  their  top  ends  near  together  and  the  bottoms  S])reading  apart  the 
required  distance.  The  legs  are  blocked  to  rest  on  their  edges,  bring- 
ing the  broader  chamfered  8j)aces  on  top  and  horizontal.  The  cross 
braces,  carefully  measured  from  the  working  plan,  are  nailed  tempora- 
rily, by  spikes  driven  partly  home,  to  the  places  marked  for  them  on 
the  legs.  Cut  these  cross  braces  a  little  larger  than  the  measured 
length,  so  as  to  give  a  small  overhang,  which  lessens  the  chances  of 
the  ends  splitting  from  the  uail  holes.  It  is  not  necessary  to  measure 
the  diagonal  bnices,  but  when  two  of  the  cross  braces  have  been  fas- 
tened to  the  legs  ^'square"  that  section.  This  is  readily  done  by  mov- 
ing one  or  other  of  the  legs  until  the  distances  between  opposite  diag- 
onal corners  of  the  section  coincide.  Then  lay  the  diagonal  braces  in 
their  places  and  mark  them  to  be  sawed  so  that  3  inches  or  so  of 
their  ends  shall  rest  snugl}^  against  the  iuljacent  cross  brace.  Nail 
them  temporarily  w  ith  one  spike  at  each  corner,  and  bore  the  holes  for  * 
the  second  nails  and  at  the  intersections.  Scpiare  and  frame  each  sec- 
tion separately  until  a  side  of  the  tripod  is  completed.  After  number- 
ing each  i)iece,  the  side  is  all  taken  apart  and  the  braces  laid  adjacent 
to  the  side  where  they  will  be  required  in  building. 

The  following  is  a  convenient  way  of  numbering  the  small  timbers, 
and  if,  when  the  braces  are  removed,  they  are  laid  with  odd  numbers 
to  the  left  and  even  numbers  to  the  right  and  facing  the  ^x,  they  will 
be  in  the  right  position  to  be  sent  aloft  to  the  carpenters  in  the  final 
building.  (Illustration  No.  18.)  No.  I  leg  is  now  init  on  one  side. 
No.  II  is  brought  to  the  place  of  No.  I,  and  No.  Ill  to  the  place  of  No. 
II,  and  the  second  side  framed  as  before  and  the  pieces  laid  to  their 
proper  side.  No.  II  leg  is  now  finished  as  far  as  the  framing  is  con- 
cerned, and  is  laid  aside.  No.  Ill  leg  is  brought  to  No.  IPs  position  and 
No.  I  brought  to  where  No.  Ill  was.  AYhen  all  three  sides  have  been 
thus  framed  and  the  bractes  removed,  uail  cleats  along  the  full  length 
of  each  leg  for  tlie  carpenters  to  climb  by.  These  irniy  be  made  from 
1  by  4  inch  .strips  sawed  14  inches  long  and  nailed  15  inches  apart. 
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The  scaffold  may  be  framed  now  or  later.  In  showery  or  unsettled 
weather  keei)  on  framing,  as  it  is  work  that  can  be  suspended  at  any 
time,  while  when  raising,  the  workmen  vshould  not  leave  until  every- 
thing is  secure.  In  a  high  signal  the  multiplicity  of  the  braces  on  the 
ground  may  make  confusion,  so,  if  possible,  commence  raising  the  tripod 
as  soon  as  it  is  framed.  Eaise  and  complete  the  tripod  to  its  fall  height 
before  building  ui>  any  of  the  scafifold.  Up  to  75  feet  a  whole  side  of 
tripod  may  be  raised  at  once,  but  in  higher  signals  it  should  be  raised 
in  parts.  It  being  determined  to  take  the  two  lower  lengths  of  a  side 
at  the  first  lift,  the  si)lices  of  that  section  should  be  tightly  bolted  and 
the  nails  at  the  thin  ends  driven,  and  the  legs  placed  so  that  their 
lower  ends  overhang  the  holes  that  are  to  receive  them.  The  cross- 
ties  and  the  diagonals  of  the  part  to  be  raised  are  spiked  to  the  legs, 
care  being  taken  that  each  nail  is  driven  home  and  in  the  same  holes 
that  were  made  at  the  first  framing.  The  nails  at  the  intersections 
and  the  second  nails  at  the  ends  of  the  braces  are  tightly  driven. 
Double  guys  are  attached  to  near  the  upper  ends  of  tlie  legs  and  hold- 
backs to  the  feet.  These  may  be  of  a  single  stout  piece  of  rope  or  a 
small  tackle,  and  are  secured  to  posts  set  in  the  ground  for  the  pur- 
pose, and  are  to  be  eased  away  during  the  process  of  hoisting  so  that 
the  feet  may  come  naturally  to  the  shoes  provided  for  them.  A  stout 
rope  is  fastened  as  a  bridle  to  the  two  legs  a  short  distance  from  the 
top,  and  the  block  of  the  hoisting  tackle  hooked  into  its  bight,  the  free 
end  of  the  fall  taken  to  the  winch,  and  the  framework  raised  to  its 
position.  The  guys  are  now  tightened  and  secured  and  the  structure 
made  as  rigid  as  possible.  The  third  leg  of  the  trii)od  is  now  bolted 
together  (or  as  much  of  it  as  is  purposed  to  raise,  say  one  length  longer 
than  that  already  raised).  No  braces  are  fastened  to  this  leg  before 
raising,  and  with  a  wincli  a  rope  through  a  single  block  at  the  top  of 
the  part  already  raised  is  sufficient  to  lift  it.  Two  sets  of  guys,  one 
near  the  top  and  the  other  about  the  middle,  are  needed  here,  with  a 
man  at  each  set  of  guys  to  guide  the  timber  in  the  raising.  Wheti  set 
to  tlie  required  inclination,  it  is  held  in  that  position  by  the  guy  ropes, 
and  small  blocks  with  hauling  lines  rove  through  them  are  attached  to 
each  leg  a  short  distance  above  the  lower  section.  The  carpenters 
with  their  heavy  hammers  and  extra  spikes  take  their  iK)sitions  on  the 
legs,  and  the  lower  and  second  cross-ties  are  sent  up  and  nailed  to  the 
marks.  The  diagonals  of  these  sections  are  also  sent  up  by  the  hauling 
lines,  and  the  slope  of  the  legs  adjusted  by  means  of  the  guys  so  that 
the  nails  of  the  braces  will  come  to  the  holes  made  in  the  first  framing, 
and  all  nails  in  the  section  are  driven  solidly.  Before  carrying  the 
bracing  any  higher,  fill  up  the  foundation  holes,  nailing  solid  logs  as 
anchors  to  the  feet  of  the  legs  and  ramming  the  earth  as  it  is  shoveled 
into  the  holes.  The  small  hauling  lines  are  shifted  higher  on  the  legs 
and  the  bracing  is  carried  up  until  the  tripod  has  its  three  sides  braced 
equally  high  and  one  length  of  the  third  leg  projecting  above  the  rest. 
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The  heavy  derrick  is  now  taken  down  and  apart  and  the  winch  sec^ured 
to  the  third  tripod  leg,  where  it  remains  for  all  the  other  operations. 
A  single  block  is  secured  to  the  top  of  the  projecting  III  leg,  and  the 
end  of  fall  leading  down  inside  of  triiiod  is  bent  on  to  a  length  of  leg  I 
(or  II),  about  one-third  from  its  top,  and  hoisted  by  the  winch.  When 
free  of  the  framed  part,  guys  are  bent  on  and  the  hoisting  continued 
until  a  man  at  the  top  of  the  leg  I  (or  II)  can  pull  the  foot  of  the 
length  hoisted,  over  to  its  splice,  and,  holding  the  two  parts  of  the 
splice  together  with  a  few  turns  of  rope,  the  guys  are  pulled  out  and 
hoisting  rope  slackenkl  until  the  two  parts  of  the  splice  come  into 
place,  when  the  splice  is  secured  by  its  bolts  and  nails.  The  corre- 
sponding length  is  raised  in  the  same  way,  and  the  bracing  on  the  three 
sides  carried  up  to  their  tops.  Tliis  leaves  the  tripod  braced  to  an 
even  height,  with  no  projecting  leg  to  use  for  a  derrick  for  continuing 
the  building.  The  next  length  of  leg  is  sent  up  as  a  topmast  is  sent 
up  a  mast,  and  is  temporarily  used  as  a  derrick.  The  hoisting  rope  is 
bent  on  at  the  foot  and  "stopped"  at  intervals  along  its  length.  A 
man,  at  the  top  of  the  completed  part  of  the  tripod,  bends  on  the 
guys  and  a  single  block  and  fall  as  the  top  of  the  length  being  raised 
reaches  him,  and  takes  a  few  loose  turns  of  rope  around  both  the  com- 
pleted leg  and  the  part  being  raised  to  act  as  a  "cap"  or  guides,  while 
another  man  follows  up  the  foot  to  keep  the  stick  from  getting  a  cant 
or  slue  while  being  raised.  This  derrick  should  be  hoisted  so  that  at 
least  three-fourths  of  its  full  length  is  above  the  completed  part  of 
tripod,  when  the  lower  i>art  must  be  securely  lashed  to  the  standing 
tripod  leg,  the  guys  tightened,  and  the  fall  of  the  hoisting  rope  sent 
down  inside  the  tripod.  The  length  to  be  raised  by  tliis  derrick  should 
have  the  hoisting  rope  bent  on  just  above  its  center  of  weight,  the  guys 
handled,  and  the  splice  brought  to  its  plac^e  on  the  completed  part  in 
the  same  way  as  described  before.  The  corresponding  length  being 
raised  in  the  same  way,  this  side  is  braced  to  its  top,  tlie  hoisting  rope 
shifted  to  the  higher  point,  and  the  length  used  as  a  derrick  hoisted  the 
few  feet  necessary  to  bring  it  to  its  splice,  and  the  bracing  completed 
evenly  on  the  three  sides.  And  so  on  until  the  full  height  is  reached. 
Then  put  on  the  inside  bracing  and  struts,  and  complete  the  strength- 
ening of  the  tripod,  which  is  now  used  as  a  derrick  in  building  up  the 
scaffold. 

In  the  case  of  a  very  large  signal,  it  may  be  found  that  the  top  of  the 
projecting  third  leg  in  the  earlier  stages  may  be  too  far  away  as  a 
derrick  to  allow  the  corresponding  lengths  to  be  readily  brought  to 
place.  I  should  then  send  up  some  other  convenient  stick  of  timber 
(any  of  the  upper  lengths  of  the  tripod  leg  are  available),  lash  the  heel 
of  it  to  the  foot  of  the  projecting  third  leg,  and  with  a  back  guy,  rove 
through  a  block  near  top  of  i)rojecting  leg,  and  side  guys  to  the  ground, 
it  can  be  given  the  necessary  slope  and  held  in  any  desired  position  for 
use  as  a  derrick.  As  the  building  ])rogresses,  the  size  of  the  inclosed 
trlAnirle  becomes  smaller  and  an  inclined  derrick  will  not  be  needed. 
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FRAMING  bCAFFOLD. 

Make  the  scarfs  on  scaffold  legs  with  square  ends,  instead  of  hooked 
like  the  tripod,  as  in  that  form  they  are  more  conveniently  brought  to 
their  places  in  the  method  used  in  building.  .The  four  legs,  bolted 
together  for  their  full  length,  are  laid  on  the  sleepers,  measured  for 
length  and  for  distances  between  cross-ties,  and  marked  from  the  out- 
side corner  for  the  required  bevel  across  the  two  outside  faces;  tops 
sawed  oft'  at  the  marks  and  at  the  bottoms,  as  the  foundation  levels 
may  require.  Cross  ties  are  measured  and  temporarily  fastened  at  the 
proper  marks  and  each  section  is  "  squared  "  before  putting  on  the  diago- 
nals. Do  not  mortise  the  legs  for  receiving  the  cross-ties,  as  they  are 
kept  firmly  in  their  i)laces  by  the  diagonals  being  cut  with  a  shoulder, 
as  described  in  tripod  framing.  The  bracing  is  sawed  off  evenly  with 
the  legs,  no  overhang  being  given.  Put  the  bracing  evenly  on  adjacent 
sides,  excepting  on  the  uppermost  tier  on  the  two  sides  that  are  to 
receive  the  floorscantlings.  As  one  side  is  framed,  the  bracing  is  num- 
bered and  removed  to  a  convenient  place,  the  legs  transposed  on  the 
sleepers,  and  so  on  until  the  four  sides  have  been  framed. 

RAISING   SCAFFOLD. 

The  two  large  t.ackles  are  sent  to  the  tripod  head  and  overhauled 
down  on  opposite  sides.  The  topmost  sections  of  two  opposite  sides 
are  solidly  framed  with  their  tops  pointing  to  the  tripod  and  lifted  by 
the  tackles,  so  that  they  may  rest  against  the  tripod  with  their  lower 
ends  on  the  ground.  In  a  signal  of  moderate  size  the  intermediate  sec- 
tions may  be  raised  in  the  same  way,  and  left  resting  against  the  tripod 
in  the  order  of  their  position.  In  a  large  signal,  where  a  middle  leg  is 
carried  in  a  section,  the  frames  are  too  wide  and  cumbersome  to  be 
handled  with  facility  at  an  elevation,  so  merely  up-end  the  different 
lengths  of  each  scaffold  leg  and  let  them  rest  against  the  tripod  till 
required.  The  lowest  sections  of  corresponding  sides  are  now  tightly 
framed,  with  intersections  bolted,  and  are  j)laced  with  their  tops  close 
to  the  tripod.  A  strong  bridle  rope  is  attached  to  near  the  top  of  each 
leg,  and  the  tackle  hooked  into  its  bight.  A  long  bight  should  bo  made 
to  moderate  the  tendency  of  the  frame  to  buckle  together,  and  a  sup- 
plementary strap  should  be  used  from  the  middle  leg  to  prevent  the  sag- 
ging  of  the  frame  or  undue  straining  in  the  hoisting.  Double  guys  are 
secured  to  each  leg  near  its  top-and  the  section  lifted,  the  lower  ends 
dragging  along  the  ground  and  guided  to  their  platforms  by  a  man  at 
each  foot  These  two  lower  sections  on  opposite  sides  being  lifted  and 
their  feet  adjusted  to  their  shoes,  the  frames  are  brought  to  the  required 
inclination  by  means  of  the  guys;  tlie  carpenters  take  their  places  on 
the  legs  (the  middle  legs  of  the  other  two  sides  having  been  set  in  their 
holes),  and  the  connecting  bracing  between  the  two  frames  is  bolted 
and  nailed,  the  nails  being  brought  to  their  indicated  nail  holes  by  the 
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guy  ropes,  as  described  in  tripod  building.  The  feet  may  now  be 
anchored  and  the  holes  filled  and  tamped.  A  rope  through  a  single 
block  at  tripod  head  is  fastened  about  one-third  of  the  way  down  on 
the  next  length  of  leg  to  be  raised,  guys  are  fastened  to  it  as  it  is  hoisted 
clear  of  the  frame  already  u]),  and,  with  a  man  following  up  its  foot  and 
bringing  it  to  its  splice,  the  guys  give  it  the  required  inclination  and 
the  splice  is  bolted  and  nailed.  The  corresponding  lengths  of  leg  for 
this  section  are  sent  up  in  the  same  way  and  the  braces  sent  up  to  the 
carpenters  until  tlie  four  sides  are  completely  braced  to  an  even  height. 
The  remaining  intermediate  sections  are  sent  up  in  a  similar  manner 
until  there  are  left  only  the  two  uppermost  sections,  which  are  already 
framed  and  resting  against  the  tripod  on  the  ground  inside  the  scaffold 
square.  The  bridles  on  these  frames  are  fastened  to  the  legs  just  above 
the  center  of  weight  and  the  large  tackles  hooked  to  them.  The  bight 
of  this  bridle  must  be  short  or  the  tackle  will  come  to  "two  blocks'' 
before  the  necessary  height  is  gained.  It  does  not  matter  in  this  piece 
of  frame,  as  it  is  so  narrow  and  well  braced  that  there  is  no  danger  of 
its  buckling.  In  hoisting  this  piece,  a  man  should  follow  it  up  along 
the  trix)od  to  keep  it  from  catching  against  cleats  or  other  projections 
on  the  trijwd.  Guys  are  put  on  at  the  very  top  of  this  frame,  and  when 
it  is  hoisted  high  enough,  a  man  at  the  toj)  of  each  scaffold  leg  hauls 
the  foot  over  to  its  splice  and  holds  it  there,  with  a  turn  of  rope,  while 
men  at  the  guy  ropes  i)ull  the  top  over  to  the  required  inclination,  the 
hoisting  tackle  being  gradually  slackened,  and  the  splices  are  bolted 
and  nailed.  The  connecting  bracing  between  the  two  sides  and  the 
diagonals  between  this  and  the  next  lower  sections  are  sent  up  and 
secured,  and  the  framework  of  the  signal  is  completed. 

The  inside  bracing  of  the  scafibld  should  next  be  fitted  and  sprung 
into  place,  the  floor  laid,  trapdoor  fitted,  tripod  head  linished  off,  and 
the  stairs  i)ut  up.  A  ladder  form  of  stairway,  with  2  by  C  inch  sides 
and  1  by  4  inch  strips  2  feet  long  and  nailed  12  inches  apart  for  steps, 
is  commonly  used,  though  a  form  giving  a  broader  tread  would  undoubt- 
edly be  more  comfortable  in  use.  The  stairways  should  have  landings 
at  each  section  and  may  be  made  to  wind  around  the  trii)od  or  to  zigzag 
up  the  widest  space.  An  inside  hand  rail  should  be  provided.  All  parts 
of  the  stairway  are  connected  to  the  scafibld  alone,  and  no  connection 
of  any  kind  is  to  be  allowed  between  the  tripod  and  the  scatfold  struc- 
tures. The  permanent  wire  guys  should  be  set  up  when  the  temporary 
rope  guys  used  in  building  are  removed.  The  ground  ends  of  these 
wire  guys  may  be  secured  to  tree  trunks  or  any  object  sufficiently  strong 
and  permanent.  A  stout  turn-buckle  to  set  up  and  keep  these  guys 
tense,  is  desirable. 

OUTFIT  FOR   liriLDINC.    lIHiH  SIGNALS — HOPKR,  llLOt^KS,  ETC. 

1  small  i)ortable  winch,  withpaicL 

4  large  double  blocks,  .^;wivcl  hooks,  with  falls  three-fourths  inch  iu 
diameter  and  GOO  feet  long. 
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1  leading  (siiatcb)  block,  swivel  hook. 

4  large  single  blocks,  swivel  books  (for  hoisting  single  sticks),  with 
fells  three-fourths  inch  diameter  aud  160  feet  long. 

4  medium-size  double  blocks  (ibr  watch  tackles) ;  falls  can  be  impro- 
vised from  any  spare  guys. 

4  small  single  blocks  (for  sending  up  braces,  etc.),  falls  of  one-half 
inch  rope  160  feet  long. 

18  guy  ropes,  three-fourths  inch  diameter,  125  feet  long. 

1  guy  rope,  1  inch  diameter,  125  feet  long. 

4  bridle  ropes,  IJ  inches  diameter,  50  feet  long. 

8  rope  straps,  assorted  lengths  and  sizes. 

Sundry  odds  and  ends  of  rope,  different  sizes,  for  lashings,  etc. 

In  building  the  upper  part  of  a  160-foot  signal,  some  of  these  roi>es 
will  not  be  long  enough  if  used  singly,  but  it  is  better  to  bend  on  extra 
pieces  to  make  up  the  length  rather  than  to  carry  in  the  outfit  special 
ropes,  whose  weight  makes  it  inconvenient  to  handle  them  readily. 

TOOLS,   ETC.,    KEQUIRKD. 

In  addition  to  the  ordinary  carpenter's  tools  that  can  be  carried  in  a 
tool  chest  small  enough  to  be  easily  handled,  there  should  be  2  good 
axes  for  framing  work  and  1  rough  ax  for  chopping  roots  under  ground, 
2  spades  or  shovels,  2  mattocks,  1  post-hole  digger  (for  setting  guy 
posts),  and  1  medium-size  crowbar.  A  crosscut  saw,  with  adjustable 
handles,  is  convenient  where  much  timber  is  to  be  felled.  There  should 
be  a  plentiful  supply  of  bits  or  augers  of  the  different  sizes,  and  at  least 
2  braces  and  monkey  wrenches  and  3  heavy  hammers.  There  should 
always  be  carried  to  the  ground  a  few  more  bolts  and  other  supply  of 
hardware  than  the  plan  absolutely  calls  for,  and  the  saws  and  edge 
tools  should  always  be  kept  in  good  condition  for  work. 

There  are  few  localities  where  timber  is  abundant  where  there  is  not 
a  sawmill  of  some  kind  within  a  convenient  distance,  though  it  may  not 
always  be  jjossible  to  get  out  the  longer  and  heavier  sticks;  or  it  may 
be  that  a  signal  is  to  be  built  at  a  point  where  the  hauling  from  the  mill 
would  be  too  much  of  an  expense.  In  such  case  the  legs  and  heavier 
pieces  may  with  advantage  be  hewn  near  the  ground.  The  trees  felled 
for  this  purpose  should  be  large  enough  to  allow  the  finished  pieces  to 
be  all  heart,  with  no  large  knots,  and  free  from  wind  shakes  or  twist, 
and  the  timber  should  be  inspected  before  being  worked  up.  If  prac- 
ticable, the  pieces  should  remain  long  enough  to  be  thoroughly  seasoned, 
but  if  necessary  to  build  of  partially  seasoned  timber,  the  building 
should  succeed  the  framing  as  soon  as  possible,  ad  a  short  time  in  the 
hot  sun  would  twist  the  pieces  so  that  it  would  be  impossible  to  closely 
follow  the  framing  in  the  building  up. 

The  time  required  for  building  such  signals  and  their  cost  will  vary 
under  different  circumstances.  The  cases  cited  below  are  from  a  sea- 
son's work  in  Indiana  in  1888.    The  lumber  used  was  white  pine  and  v^'^s^ 
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brought  from  Chicago.  The  cost  on  the  ground  of  the  material  used 
was  something  more  than  50  per  cent  of  the  whole  cost,  and  the  dis- 
tance it  had  to  be  hauled  from  the  nearest  railroad  station  averaged 
12  or  14  miles.  Four  skilled  workmen  were  employed  on  monthly 
wages,  and  day  laborers  were  hired  as  required. 


Height  of  signal. 


"Green,'*  152  feet 
"Stout,"  135  feet 
♦"Tripp,"  100  feet 
"Culbcrtson,"  116  feet 
"Reizin,"  116  feet 
"Weed  Patch,"  75  feet 


Working 
days. 

Cost  of  sig- 
nal. 

18 
14 

^705 -2 1 
583-45 

6 
II 
II 

6 

29374 

48758 
48842 

27463 

*  "  Tripp  "  signal  was  only  1  mile  from  railroad  station. 


letter  from  gershom  bradford,  assistant. 

United  States  Coast  and  Geodetic  Survey, 

Washington^  D.  C,  January  27^  1894. 

In  reply  to  your  letter  of  January,  1894,  inviting  nie  to  present  my 
views  in  writing  on  any  of  the  subjects  under  discussion  by  your  Con- 
ference, I  would  offer  a  few  suggestions  relating  to  triangulation,  in 
which,  however,  my  exx>erience  has  not  been  extensive,  nor  have  I  been 
connected  with  its  higher  branches. 

1.  To  promote  uniformity  in  the  methods  of  making  and  recording 
observations  and  in  field  computations,  a  book  of  instructions  of  con- 
venient size  should  be  printed  and  sux)plied  to  each  member  of  the 
normal  force  and  to  officers  of  the  Navy  detailed  to  ('oast  Survey  work, 
and  these  instructions  should  cover  all  important  points  and  be 
expressed  in  plain  and  precise  language,  not  too  technical,  and  should 
include  all  the  methods  of  office  computations  which  are  likely  to  be  of 
use  in  the  field. 

2.  It  is  difficult  to  estimate  too  highly  the  value  of  a  single  pointing 
upon  every  signal  in  sight  from  a  station  under  very  favorable  condi- 
tions, such  as  are  likely  to  occur  at  least  once  during  the  occupation  of 
a  station,  and  I  think  the  most  favorable  to  be  when  the  atmosphere  is 
clear  but  the  sky  wholly  overcast.  When  a  repeating  instrument  is 
used  such  a  sweep  of  the  horizon  should  never  be  neglected,  and 
should,  if  practicable,  precede  the  measurement  of  each  separate  angle. 

3.  In  much  of  the  minor  work,  where  the  sides  are  very  short,  two 
pointings,  each  direct  and  reverse,  the  second  for  verification,  would 
be  amply  sufficient  for  preeisicm  and  much  time  would  be  saved,  the 
value  of  such  work  depending  much  more  upon  the  arrangement  of  the 
triangles  so  as  to  insure  the  best  practicable  conditions  than  upon  the 
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namber  of  repetitious,  for  one  lueasuremeut  under  good  circumstances 
may  be  worth  many  under  less  favorable  ones,  the  latter  only  tending 
to  discredit  the  former. 

i.  Emphasis  should  be  laid  upon  the  necessity  of  precision  in  center- 
ing signals  and  instrument  and  in  referring  an  eccentric  station  to 
center.  It  is  not  unusual  that  an  observer  whose  work  has  been  of 
a  less  precise  character  fails  to  appreciate  the  importance  of  such 
precision. 

6.  I  doubt  whether  a  telescope  should  ever  be  lifted  from  its  wyes  for 
reversal,  for  the  delicacy  of  manipulation  required  is  so  great  that  there 
is  always  a  possibility  of  a  slight  unnoticed  displacement  of  the  instru- 
ment introducing  an  error  difficult  to  trace  to  its  true  cause.  If  the 
telescope  be  of  suitable  length,  the  frame  aui)porting  it  may  be  made 
high  enough  to  allow  it  to  make  a  comx)lete  revolution,  but  if  not  the 
point  of  bearing  may  be  so  altered  that  the  forward  or  after  end  will 
swing  clear  below,  the  poise  being  equalized  by  weighting  the  short  end. 


letter  from  spencer  c.  mccorkle,  assistant. 

United  States  Coast  and  Geodetic  Survey, 

Washinfftonj  I).  0.,  January  J2J2j  1894. 

I  have  received  this  morning  your  very  courteous  circular,  and  owing 
to  my  interest  in  the  labor  of  the  Geodetic  Conference  I  take  pleasure 
in  replying  at  once. 

I  have  very  decided  opinions  upon  most  of  the  questions  propounded 
in  the  ^'  scope  of  deliberations,^  and  give  my  views  for  what  they  may 
be  worth  and  very  briefly. 

1.  base-line  measurement. 

I  prefer  *^a  few  bases  measured  with  a  high  degree  of  accuracy"  as 
best  adapted,  in  my  opinion,  to  the  requirements  of  an  extended  survey. 

2.  triangulation. 

The  old  definitions,  ''primary,''  ''secondary,"  and  "tertiary,"  are,  to 
my  mind,  all  that  is  necessary,  and  easily  understood. 

3.  I  prefer  a  6  or  8  inch  theodolite  for  secondary  and  tertiary  trian- 
gulation for  obvious  reasons.  Twelve  observations  are  sufficient,  if 
well  taken,  for  secondary,  and  six  for  tertiary. 

4.  Eeconnaissance  and  signal  building  depends  upon  the  character 
of  the  country  for  the  first  and  the  facility  of  obtaining  material  in 
the  second. 

5.  CONSIDER  methods  OF  OBSERVING. 

This  depends  very  much  on  the  character  of  the  instruments.  After 
the  necessary  measurements  of  angles,  the  most  important  thing  is  the 
marking  of  the  station,  which  should  be  done  w^ith  the  greatest  care. 
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Wonld  it  not  be  well  for  the  Conference  to  select  from  the  various 
methods  one  that  ccmkl  be  generally  followed  b}'  every  Assistant  and 
brinjx  out  a  degree  of  uniformity  very  much  to  be  desired!  Of  course 
there  are  cases  where  the  observer  must  decide. 

6.  PARTY  ORGANIZATION,  ETC. 

I  have  successfully  carried  on  a  secondary  triangulation  when  living 
on  shore  with  one  foreman  and  one  hand.  When  living  on  a  vessel 
have  carried  on  triangulation  and  topography  with  one  assistant,  one 
mate,  and  six  hands. 

RECORDS. 

As  sooiL  as  the  lield  computations  are  niacle,  they,  with  the  recortls, 
should  be  transmitted  to  the  oftice.  If  necessarv  to  retain  Ji  record  of 
angles,  a  second  copy  should  be  made  and  kept. 

I  think  every  Assistant  desires  that  his  field  (*oinputations  should 
have  the  highest  degree  of  Jiccuracy  compatible  with  the  circumstances. 
The  final  reduction  should  only  be  made  at  the  oilice. 


letter  from  f.  d.  granger,  assistant. 

39  Wkst  Twenty-sixth  Street, 

Xew  York,  Fchmary  ^^,  1894, 

In  response  to  your  circular  letter  of  .January,  1894,  the  following 
remarks,  embodying  my  views  on  a  few  of  the  topics  suggested  for  dis- 
cussion by  the  Superintendent  in  his  o])ening  address  to  the  Conference, 
are  herewith  respectfully  submitted. 

For  primary  triangulation,  where  a  high  degree  of  accuracy  is  de- 
manded, I  regard  the  direction  theodolite,  rcfid  by  means  of  three 
micrometer  microscopes,  as  the  best  that  can  be  used,  and  the  well- 
known  method  of  observing  generally  employed  in  tlie  Survey  by  posi- 
tions an<l  series,  telescope  direct  and  reversed,  as  good  as  has  been 
devised.  Certainly  the  results  obtained  would  seem  to  warrant  this 
assumption. 

Althongh  1  have  but  little  to  say  upon  the  question  of  the  relation 
of  the  number  of  observations  to  the  degree  of  accuracy  demanded  by 
the  character  of  the  work,  with  the  object  of  deciding  if  any  material 
reduction  can  bo  made  in  the  number  of  observations  now  taken,  espe- 
cially at  a  primary  station,  I  will  venture  the  following  remarks  a«  bear- 
ing on  the  subjecrt : 

In  a  scheme  of  triangles  whose  sides  average,  say,  20  miles  in  length, 
to  give  the  same  number  of  measures  as  would  be  necessary  in  a  sclieuio 
whose  triangle  sides  excee<l  .">()  miles,  supposing  the  same  class  of  instru- 
ment to  be  employed,  would  seem  to  bean  unnecessary  and,  to  a  certain 
extent,  a  useless  labor.     Nevertheless  it  is  a  very  diOicult  <iuestiou  to 
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draw  the  line  definitely  as  to  the  best  number  of  observations  that 
should  be  taken.  There  are  so  many  considerations  to  be  noted  in  this 
connection,  among  which  the  general  character  of  the  country  enters 
so  largely,  that  I  think  the  observer  should  be  governed  in  a  great 
measure  by  his  own  judgment.  On  the  other  hand,  it  might  be  well  to 
have  the  instruments  classified,  their  accuracy  of  graduation,  etc.,  being 
known  and  recorded  as  suitable  for  work  of  this  or  that  character,  and 
further  showing,  if  a  direction  instrument,  in  how  many  positions  of  the 
azimuth  circle  it  would  be  welbto  employ  it;  if  a  repeating  theodolite, 
how  many  repetitions  of  individual  angles  would  be  desirable.  Informa- 
tion of  this  nature  would  be  very  useful,  but  should  not  infiuence  the 
observer  to  the  extent  of  entire  disregard  of  his  own  judgment. 

For  secondary  and  tertiary  triangulation  the  repeating  theodolite  has 
been,  I  believe,  almost  exclusively  used  in  the  Survey,  and  the  good 
results  obtained  would  seem  to  warrant  its  continued  employment  for 
that  purpose.  As  to  the  best  number  of  observations  to  bo  taken  at  a 
secondary  or  tertiary  station,  the  same  remarks  I  have  made  with  ref- 
erence to  primary  work  are  applicable. 

SIGNAL   BUILDING. 

This  subject  has  received  considerable  attention  in  the  Survey,  and 
I  Iiave  but  a  few  comments  to  make. 

I  think,  as  a  rule,  the  class  of  signals  termed  observing  tripods  and 
scaffolds  when  employed  for  elevating  the  theodolite  are  not  given 
sufficient  stability — that  is  to  say,  are  built  of  too  light  material  and 
are  insufficiently  anchored  and  stayed;  all  of  which  give  rise  to  vari- 
able eccentricity  under  the  action  of  wind  and  weather.  And  in  this 
connection  I  might  add,  I  believe,  other  things  being  equal,  that  eccen- 
tricity of  signal  is  the  greatest  source  of  error  in  a  triangulation  whei*e 
wooden  structures  are  employed. 

DAY  AND  NIGHT   SIGNALS. 

Experiments  for  determining  the  relative  precision  of  day  and  night 
observations,  as  is  well  known,  were  made  at  Sugar  Loaf  Mountain, 
Maryland,  in  the  summer  and  autumn  of  1879,  by  the  late  Assist.ant 
C.  O.  Boutelle,  whose  interesting  report  forms  an  appendix  to  the 
Annual  Report  of  the  Survey  for  the  year  1880.  I  refer  to  that  rexwrt, 
as  it  was  my  good  fortune  to  be  attached  to  Mr.  Boutelle's  party  dur- 
ing the  greater  part  of  his  occupancy  of  Sugar  Loaf  Mountain.  While 
assisting  Mr.  Boutelle  in  his  experiments  I  was  struck  with  the  much 
greater  distinctness  and  steadiness  of  the  night  signals  as  compared 
with  those  of  the  day  and  with  the  greater  accuracy  of  the  observations. 
And  the  following  winter,  while  carrying  a  small  scheme  of  triangula- 
tion up  the  Mississippi  Elver  in  the  vicinity  of  Plaquemine  and  Baton 
Bouge,  I  tried,  at  the  suggestion  of  Superintendent  Patterson,  the 
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experiment  of  observing  on  lights  at  night.  Much  to  my  (li8api>oint- 
ment,  however,  the  results  were  so  very  unsatisfactory  I  soon  aban- 
doned the  attempt  to  continue  the  night  work.  Tlie  unsteadiness  of 
the  lights  was  doubtless  due  in  a  great  measure  to  the  nearness  of  the 
line  of  sight  to  the  surface,  and  tlie  imperfect  results  to  unsteadiness 
and  refraction.  The  measures  at  night  differed  s<»veral  seconds  of  arc 
from  the  day  measures.  While  these  exi>erim('uts  were  limited  to  a 
few  nights  only,  and  hence  van  not  have  much  weight,  yet  they  would 
seem  to  show  that  under  certain  conditions  night  observations  are  less 
accurate  than  those  by  day.  Tlio  average  closing  error  in  this  small 
work  was  under  2  seconds,  and  1  attribute  these  satisfactory  results 
principally  to  the  form  of  day  signals  employexl.  They  were  exclu- 
sively of  the  observing  tripod  and  scaffold  type,  from  12  to  16  feet  in 
height,  built  after  plans  devised,  I  believe,  by  Assistant  F.  Walley 
Perkins.  The  signal  i>oles  were  of  gas  i)ii)e  lA  to  2i  inches  in  diam- 
eter, of  17  feet  lengths,  fitted  to  be  easily  removed  from  the  tripod  for 
mounting  the  theodolite,  which  was  readily  and  quickly  centered  over 
the  pole  aperture  in  the  cap  block,  leaving  no  chance  for  eccentricity 
of  position.  A  dozen  poles  of  this  kind  did  service  for  many  miles  of 
river  work  by  shifting  them  as  occasion  demanded.  This  form  of  sig- 
nal I  found  to  b(^  superior  to  anything  I  had  hitherto  employed  on 
small  work. 

With  regjird  to  what  sliouM  be  dcme  at  a  triangulation  station  besides 
the  necessary  measurements  of  (horizontal)  angles,  I  think  that  at  a 
primary  station  vertical  measuies  (double  zenith  distances  and  micro- 
metric  differences)  on  all  the  surnmnding  signals  and  principal  promi- 
nent objects  should  always  be  taken,  no  matter  how  unsatisfactory  the 
results  may  ai)pcar  to  bej  and  in  connection  with  such  observations 
readings  of  the  barometer  and  hygrometer  and  notes  on  the  direction 
and  force  of  the  A\ind,  etc.,  should  be  made.  1  also  think  that  sx>ecial 
observations  for  magnetic  declination  should  be  taken  when  ]>088ible. 

In  ccmdusion,  T  w(mld  say  that  as  the  cost  of  a  triangulation,  especially 
of  a  i)rimary  triangulation,  warrants  unusual  care  in  marking  the  sta- 
tions, not  only  to  insure  their  preservation  for  a  great  length  of  time, 
but  also  to  make  their  identification  easy,  }  tliink  for  the  latter  purpose 
surface  marks  of  reference  of  an  enduring  character  should  always  be 
emi)loyed;  and  accompanying  the  description  of  eacli  station  a  care- 
fully made  sketch,  or,  better,  a  plane-table  survey  of  the  immediate 
surroundings. 

In  Kansas,  where  rocky  soil  is  seldom  encountered,  most  of  the  sta- 
tions have  been  marked  jus  follows: 

A  stone  bottle  or  jug  filled  with  ashes  is  set  3  or  more  feet  under 
the  surface  of  the  ground,  then  a  layer  of  several  inches  of  earth;  over 
this  a  stone  bowl-shaped  crock  with  small  drill  hole  in  l)ottom  is  placed 
bottom  up;  again  a  layer  of  several  inches  of  earth,  and  above  this,  and 
projecting  an  inch  or  two  above  the  suiface,  a  marble  post  2J  f^et  loii^ 
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by  6  to  8  inches  square,  haying  its  top  surface  marked  with  two  V-shaped 
grooves  cut  at  right  angles  and  the  letters  U.  S.  C.  S.  In  the  meridian 
of  the  station,  at  equal  distances  north  and  south,  is  set  a  hard  limestone 
or  sandstone  post  2  j  feet  long  by  5  inches  square,  marked  on  top  with  a 
single  diagonal  groove  terminating  in  an  arrowhead  pointing  toward 
the  center  of  station.  Surrounding  the  marble  post  a  circular  trench 
of  from  6  to  10  feet  in  diameter,  8  inches  wide  by  from  1  to  2  feet  deep, 
is  dug  and  partly  filled  with  coal  and  covered  with  earth.  The  surface 
marks  are  then  referred  to  all  prominent  natural  or  artificial  objects  in 
the  immediate  vicinity,  and,  when  possible,  to  the  section  corners  by 
angular  and  linear  measurements. 


ERRORS  OF  GRADUATION  IN  A  THRBE-MICROMETRR  MICROSCOPE 
POSITION  THEODOLITE,  AND  A  METHOD  FOR  ELIMINATING 
THEM  IN  THE  MEASUREMENT  OF  HORIZONTAL  ANGLES. 

[A  report  liy  Edwin  Smith,  Aiisistjiiit.] 

In  a  recent  examination  of  the  two  new  30''"  i)osition  theodolites, 
Nos.  145  and  14(5,  constructed  at  the  Coast  and  Geodetic  Survey  Office, 
it  lias  been  nhown  that  the  si)acing  errors  of  the  gra<luation  are  very 
small,  and  it  has  been  stated  that  in  this  respect  the  instruments  must 
be  considered  nearly  perfect.  In  this  examination  repeated  measures 
of  72  spaces,  symmetrically  disposed  al>out  the  circle,  were  made.  In 
I'cspect  to  No.  145,  the  greatc»st  deviation  of  any  one  spa<*e  from  the 
mean  of  all  the  spatM^s  measured  is  ()"'6  and  the  average  deviation  only 
0"'2.  The  measures  of  spaces  of  No.  140  have  not  been  given,  as  they 
are  considered  unreliable,  owing  to  a  defect  of  the  circle,  it  being  thin 
and  having  a  warped  surface.  A  new  circle  for  this  instrument  is  in 
course  of  construction  an<l  will  be  as  nearly  as  iK)S8ible  like  the  one  on 
No.  145. 

Possibly  the  greatest  accidental  errors  of  graduation  are  to  be  found 
in  the  spacing,  but  it  must  be  admitted  that  with  the  showing  made 
with  theodolite  No.  145  such  errors  will  be  practically  eliminated  by 
readings  on  a  much  less  number  of  spaces  than  the  number  examined. 

In  what  have  long  been  considered  the  best  graduated  circles,  spac- 
ing errors  of  2"  and  even  greater  have  been  found.  If  it  is  admitted 
that  (circles  now  in  use  have  spacing  errors  so  great  as  3"  from  the 
mean  of  all  the  spaces,  such  errors  would  still  be  practically  eliminated 
by  readings  on  a  comparatively  small  number  of  spaces.  It  certainly 
seems  that  in  the  mean  reading  on  00  symmetrical  spaces  on  any  such 
circle  the  residual  error  can  not  be  greater  than  0"'05,  and  in  the  better 
circles  the  error  in  the  mean  of  12  or  15  spaces  will  probably  be  no 
greater. 

By  far  the  most  important  errors  of  graduation  which  affect  the  meas- 
urement of  angles  or  directions  are  of  a  periodic  nature.    By  the  use  ot 
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a  number  of  equidistant  microscopes  certain  of  such  errors  are  elimi- 
nated in  the  mean  of  the  microscope  readings.  In  Volume  II,  page  53, 
of  Chauvenet's  Astronomy,  it  is  shown  that  ''the  terms  of  a  periodic 
series  not  eliminated  by  taking  the  mean  of  q  equidistant  microscopes 
are  those  only  which  involve  the  multiples  of  q  z^  z  beiug  the  reading 
of  the  circle.  It  is  there  also  shown  that  the  mean  of  3  microscopes 
requires  a  correction  of  the  form  u  sin  (3  Z  —  JJ)^u'  sin  ((>  Z—TJ')  —  etc., 
in  which  u  u'  and  JJ  V  are  constants.  These  constants  may  be  deter- 
mined and  the  mean  reading  of  the  microscopes  on  any  part  of  the  circle 
thereby  corrected. 

The  special  determination  of  these  ccmstants  for  all  the  theodolites  of 
the  Coast  and  Geodetic  Survey  would  be  a  useless  labor,  as  the  meas- 
urement of  angles  in  the  field  may  be  so  made  on  symmetrical  parts  of 
the  circles  as  to  both  eliminate  such  error  and  at  the  same  time  deter- 
mine these  constants.  The  important  question  is,  What  is  the  number 
of  symmetrical  parts  of  the  circle  upon  which  angles  should  be  measured 
to  be  certain  that  all  classes  of  en-ors  of  graduation  may  be  eliminated 
or  reduced  to  so  small  a  quantity  as  to  be  neglected! 

In  the  examination  of  the  new  theodolites  above  referred  to,  angles 
were  measured  in  groups  of  4  symmetrical  positions,  and  the  agree- 
ment of  the  means  of  these  groups  shows  that  the  graduation  errors 
are  practically  eliminated  in  eiwih  group.  The  4  measures  of  each 
group  involve  12  symmetrical  arcs  of  the  circle  30^  apart  and  readings 
on  24  spaces  of  the  graduation. 

If  4  positions  are  determined  by  dividing  lialf  the  distance  between 
the  microscopes  and  observing  the  angles  with  microscope  A  set  at 
reading  of  each  position  with  telescoi)e  direct,  and  at  18()o  from  ea<;h 
I)Osition  Avith  telescope  reversed,  each  angle  will  involve  24  symmetrical 
arcs  of  the  circle  1 VP  apart  and  readings  on  48  spaces  of  the  graduation. 
Inasmuch  as  8  measures  (4  direct  and  4  reversed)  will  not  be  sufficient 
for  the  higher  class  of  triangalation,  8  positions  may  be  taken  upon  the 
same  i)rinciple,  and  each  angle  will  then  be  measured  1()  times  (8  direct 
and  8  reversed),  involving  48  symmetrical  arcs  of  the  circle  7o-5  apart 
and  readings  upon  90  si)aces  of  the  graduation.  With  such  a  number 
of  readings  and  measures,  if  errors  of  graduation  are  not  pra<'/tically 
eliminated  the  circle  must  be  very  poor  indeed. 

It  appears  desirable  to  test  this  method  in  the  field,  as  it  would  at 
once  give  the  means  of  investigating  the  errors  of  graduation.  The  8 
positions  of  this  method  could  be  divided  into  2  groups  of  4  symmetrical 
positions,  each  group  involving  24  symmetrical  arcs  of  the  circle  in 
the  measurement  of  each  angle.  A  comparison  of  the  means  of  these 
groups  would  give  the  desired  information  as  to  the  value  of  the  circles, 
and  the  constants  could  be  computed  if  deemed  necessary.  In  the 
methoil  of  observation  generally  followed  on  the  Coast  and  Geodetic 
Survey  the  mean  of  2  measures,  1  in  the  direct  and  1  in  the  reversed 
positions  of  the  telescopes  and  microscopes,  is  called  a  series.    The 
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report  of  the  Triaugulation  Committee  states  31  series  for  primary 
and  one-half  or  two-thirds  that  number  for  secondary  triangulation. 
By  the  method  of  positions  above  proposed  2  or  3  series  in  each  position 
will  give  the  necessary  number  for  secondary  triangulation  and  4  series 
for  primary;  or  for  the  latter,  2  series  in  each  of  16  positions  might  be 
taken,  involving  90  symmetrical  arcs  3'^'75  apart  in  the  measurement  of 
each  angle.    The  accompanying  diagram  illustrates  the  ]>OHitions. 

Kespectfttlly  submitted  to  the  Geodetic  Conference,  United  States 
Coast  and  Geodetic  Survey,  February  27, 1894. 


Diagram  showing  initial  readings  of  microscope  A  or  the  index  for  4,  Sy  or  16  positions, 

[Full  lines  Hhow  iuitial  readiugs  of  tho  3  niicroflOopeH  in  tho  dintct  positions,  uiid  dotted  lines  the 

initial  readings  in  revorsinl  jMisitions.] 

4  positions. — Set  microscope  or  index  direct  at  0*^,  15°,  30^,  and  45^\ 

8  positions.— Set  microacopo  or  index  direct  at  0-,  7i^,  15-,  22^^^,  30°,  371°,  45^',  and 

62iO. 
16  positions.— Set  microscope  or  index  direct  at  (F,  3}°,  7^^,  n^o^  15°,  18f  o,  22^^,  26i^, 

30°,  SSf^,  37i^,  41i^,  45^,  481-,  52**^,  and  56^'^. 
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MEMORANDUM  BY  W.  C.  HODGKINS,  ASSISTANT. 

Certain  Ai>pliances  U8ki>  is  the  Prkcibk  Leveling  Work  op  the  Coast  and 
Geodetic  Survey,  with  8ome  Suggestions  of  Possible  Impro vkmknts  ; 
Submitted  to  the  Geodetic  Conference  in  Session  at  Washington,  D.  C, 
January,  1894. 

Washington,  January  31y  1894. 

One  of  the  most  striking  features  of  many  lines  of  so-called  "precise 
levels''  is  the  singular  tendency  to  an  accumulation  of  errors,  as  a  result 
of  which  two  practically  simultaneous  lines  frequently  show  a  gradu- 
ally increasing  divergence  from  each  other.  I  would  suggest  that,  in 
my  opinion,  the  greater  part  of  the  difliculty  may  be  sought  in  the  rods 
used  in  the  work. 

The  leveling  instrument  now  in  use  in  the  Coast  and  Geodetic  Survey 
seems  reasonably  satisfa(;tory  both  in  theory  and  in  workmanship.  I 
am  disposed  to  think  that  in  the  natural  reacttion  from  the  excessive 
weight  of  some  instruments  formerly  in  use  we  have  gone  rather  too 
far  in  the  direction  of  lightness  and  small  size.  It  is  possible  also  that 
the  instrument  might  be  improved  by  somewhat  increasing  the  optical 
power  of  the  telescope.  It  might  also  Ix*.  desirable  to  investigate  the 
question  whether  our  means  of  determining  the  angle  between  the 
target  and  the  horizon  are  sufiiciently  n^llned,  bearing  in  mind  the  fact 
that  an  error  of  one  second  of  arcs  rei>reseiited  by  about  one- third  of  a 
division  of  the  head  of  the  micrometer  screw,  would  ]>roduce  an  error 
in  height  of  nearly  half  a  inilliinetre  in  a  distance  of  10()"'. 

Without  further  reference  to  the  above,  I  turn  to  the  rods  now  in 
use,  which  seem  to  be  obje<;tionable  in  several  respects. 

1.  THE  FOOT  OF  THE  KOI)  AND  THE  FOOTPLATES  OK  TURNING  1X)INT8. 

Without  commenting  on  the  defects  of  the  forms  now  in  use,  many  of 
which  are  obvious,  I  submit  a  sketcli  of  an  improved  form  which  seems 
to  me  to  be  more  desirable,  in  this  sectional  view  A  is  the  rod,  B  the 
projecting  metal  foot,  the  lower  surface  of  which  is  a  plane  i)erpendic- 
ular  to  the  axis  of  th(*>  rod  ainl  is  the  zero  or  initial  plane  of  the  rod; 
C  is  a  i)rotective  cap,  consisting  of  a  cylindrical  brass  box  made  to 
screw  upon  the  foot  of  the  rod  and  provided  with  a  cylindrical  opening 
at  the  center  to  permit  the  foot  of  the  rod  to  be  reached;  i>  is  a  gasket 
or  ring  of  any  suitable  packing  to  close  the  space  within  the  cap  with- 
out metallic  contiict  with  the  foot  of  tlie  rod;  E  is  tlie  spherical  metallic 
hejid  of  the  footplate  or  foot  stub,  the  latter  being  i)referable  when  it 
can  be  used. 

The  walls  of  the  tube  in  the  cap  prevent  lateral  motiim  of  the  rod, 
and  the  metal  sphere  upon  which  the  rod  rests  insures  a  supi)ort  in  the 
axis  of  the  rod  and  prevents  any  possibility  of  a  binding  between  the 
rod  and  its  support,  even  when  the*,  latter  is  much  more  <mt  of  the  ver- 
tical than  would  ever  occur  in  pitictice,  as  shown  in  the  sketch.    The 
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foot  stub,  pashed  firmly  into  the  ground,  should  furuish  a  more  stable 
support  than  the  plate  in  many  kinds  of  ground. 

When  the  rod  is  to  be  held  upon  a  bench  mark,  the  protecting  cap 
may  be  removed  or  a  small  cylindrical  plug,  made  to  fit  the  central 
opening  and  of  known  length,  may  be  used  for  the  purpose  of  making 
the  contact. 

2.  THE  MATERIAL  OF  THE  ROD  AND  ITS  GRADUATION. 

While  there  are  some  valid  objections  tq  the  use  of  wood  for  the 
standard  of  length  in  a  leveling  rod,  I  think  that  most  of  them  may  be 
eliminated  by  proper  arrangements,  and  that  rods  so  arranged  should 
produce  results  far  more  reliable  than  any  at  present  obtained.  I 
think  the  use  of  a  target  objectionable,  but  if  it  be  thought  desirable 
to  retain  it  provision  should  be  made  to  obviate  the  mechanical  defects 
by  which  the  target  may  be  thrown  out  of  position  when  clamped.  The 
graduation  of  the  rod  should  also  be  directly  under  the  target,  and  the 
vernier  should  be  on  the  middle  line  of  its  dee.  The  divisions  of  the 
rod  from  which  the  target  reading  is  taken  should  bo  lines  cut  on  the 
faces  of  pieces  of  brass  firmly  set  in  the  wood,  avoiding  the  uncertainty 
of  a  line  cut  m  wood.  This  of  course  does  not  apply  to  the  extension 
of  these  lines  for  the  purposes  of  telescoi>ic  reading.  The  wood  of  which 
the  rod  is  made  should  be  carefully  protected  against  moisture  by  the 
most  approved  methods  and  should  be  nearly  invariable.  A  metallic 
standard,  firmly  united  with  the  foot  cylinder,  should,  however,  bo 
inclosed  in  the  rod  for  purposes  of  comparison  from  day  to  day.  This 
standard  should  be  free  to  expand  and  contract,  being  fastened  only  at 
its  lower  end.  Suitable  arrangements  for  obtaining  its  temperature 
and  for  comparing  its  upper  end  with  the  surfoce  graduation  of  the  rod 
being  provided,  comparisons  made  under  favorable  conditions,  before 
and  after  the  work  of  the  day,  should  altbrd  a  very  precise  check  on 
the  condition  of  the  rod.  I  had  intended  to  write  more  fully  on  this 
point,  but  in  recent  conversation  with  a  member  of  the  Conference  I 
learned  that  a  rod  constructed  on  this  principle  lia«  already  been  used 
in  France. 

3.  METHODS  OF  WORK. 

I  think  that  in  every  party  engaged  in  precise  levels  there  should  be 
four  rodmen,  so  that  a  double  simultaneous  line  may  be  run  without 
waiting  for  the  rodmen  to  move  between  the  back  sights  and  the  fore 
sights.  I  think,  also,  that  the  length  of  sights  should  be  limit<3d  so 
as  not  to  often  exceed  100"',  and  that  great  care  should  be  used  in  equal- 
izing  fore  sights  with  back  sights. 

While  I  am  fully  aware  that  this  important  subject  is  very  inade- 
quately treated  in  the  foregoing  i>aper,  necessarily  prepared  in  some 
haste,  I  submit  it  to  the  consideration  of  the  Conference  in  the  hope 
that  it  may  not  be  without  some  value  in  eliciting  the  opinions  of  those 
best  qualified  to  decide  these  questions. 
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letter  from  w.  irving  vinal,  assistant. 

United  States  Coast  and  Geodetic  Survey, 

Washmgtony  1).  O.,  February  X^,  1894. 

In  acknowledging  the  receipt  of  your  letter  of  January,  1894,  in\it- 
ing  me  to  express  my  views  upon  any  of  the  subjects  under  discussion 
by  the  Greodetic  Conference,  I  desire  to  call  attention  to  the  markings 
of  stations  in  the  secondary  and  minor  triangulation. 

Along  the  Atlantic  and  Gulf  coasts  the  topographer  or  hydrographer 
is  frequently  unable  to  recover  these  positions,  as  the  sites  have  been 
insecurely  marked  or  imperfectly  described. 

It  is  not  always  possible  to  guard  these  positions  by  underground 
marks,  and  the  surface  monuments,  either  of  iron  or  stone,  are  often 
disturbed  and  sometiines  ai)propriated  by  boatmen  and  others. 

I  would  suggest,  in  general,  that  in  additioii  to  the  three  or  four 
reference  marks  usually  placed  near  the  stone  or  post  marking  the 
center  of  station  other  marks  be  set  within  a  few  hundred  ieet  of  the 
signal,  where  they  will  be  least  liable  to  disturbance. 

A  good  sketch  of  the  topography  within  a  radius  of  300  or  400"*  of 
the  station,  with  the  distances  and  azimuths  of  the  reference  marks, 
together  with  a  clear  description  of  the  locality,  should  ordinarily 
secure  the  i)Osition  from  the  absolute  loss  which  has  now  too  often  to 
be  incurred. 


letter  from  e.  h.  fowler,  draftsman. 

United  States  Coast  and  Geodetic  Survey, 

Washington^  1).  Q.,  July  ii,  1894. 

Permit  me  to  call  your  attention  to  a  sul)ject  which  causes  much 
annoyance  and  loss  of  time  both  in  the  office  and  with  the  Held  parties 
of  the  United  States  Coast  and  Geodetic  Survey: 

The  geographical  positions  given  in  the  office  registers  include  nearly 
everything  from  the  beginning  of  the  Survey  up  to  the  present  time, 
yet  many  of  these  i)ositions  have  long  since  been  lost  or  are  of  no  further 
use;  but  the  draftsman  has  no  way  to  distinguish  between  the  good  and 
bad,  and  is  therefore  obliged  to  plot  hundreds  of  points,  with  mach 
loss  of  time,  which  only  cause  great  annoyance  to  the  field  officer  in  a 
fruitless  search  for  them,  as  well  as  mutilating  the  sheet. 

It  is  not  my  object  to  suggest  what  methods  should  be  employed  to 
designate  the  useless  geogra])hical  positions  in  the  office  registers,  but 
would  respectfully  refer  the  subject  to  the  honorable  members  of  the 
Geodetic  Confei*ence. 


A.PPENDIX    No.    10—1893 


ON  THE  PREPARATION  AND  ARRANGEMENT  OF  THE  EXHIBIT  OF  THE 
UNITED  STATES  COAST  AND  GEODETIC  SURVEY  AT  THE  WORLD'S 
COLUMBIAN  EXPOSITION. 


Rreport  by  D.  B.  Wainwrkjht,  Assistant. 
Snbmitted  for  publication  May  14,  1894. 


I  have  tlie  honor  to  report  that,  iu  accordance  with  the  instmctions 
of  the  Superintendent,  dated  March  11,  1892,  I  took  charge  of  the 
preparation  of  the  exhibit  of  the  Coast  and  Geodetic  Survey  for  the 
World's  Columbian  Exposition. 

Shortly  after  the  above  date  I  commenced  to  familiarize  myself  with 
what  had  been  done  at  previous  expositions  in  which  the  Survey  par- 
ticipated, so  as  to  be  informed  what  arrangements  were  necessary  in 
regard  to  the  allotment  and  expenditures  of  money,  floor  space,  trans« 
portation,  installation,  and  the  numerous  other  details  which  require 
the  attention  of  an  exhibitor  long  before  the  opening. 

There  was,  however,  very  scanty  material  for  this  purpose  to  be 
obtained  in  the  shape  of  reports,  and  I  had  to  rely  principally  for 
information  on  the  memory  of  those  who  had  been  connected  in  some 
capacity  with  our  exhibits  at  other  expositions. 

The  character  and  scope  of  the  exhibit  had  been  considered  some 
time  previous  by  a  committer  consisting  of  the  Assistant  in  charge  of 
the  office,  the  hydrographic  inspector,  and  the  chiefs  of  the  several 
divisions  in  the  office. 

Their  report,  which  was  submitted  October  15, 1891,  was  referred  to 
me  for  my  guidance.  It  gave  in  detail  a  list  of  the  instruments  it  was 
desirable  to  furnish,  indicated  what  charts,  reports,  appendixes,  and 
other  publications  of  the  Survey  should  be  displayed,  and  proposed  that 
a  series  of  pamphlets  illustrating  the  methods  and  operations  of  the 
Survey  be  written  and  printed  for  distribution.  If  practicable,  it  was 
suggested  to  send  to  Chicago  one  of  our  steamers,  on  which  all  the 
varieties  of  hydrographic  work  could  be  most  fitly  represented,  espe- 
ciaUy  that  part  pertaining  to  deep  sea  sounding. 
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The  eomiiiitt-ee  mlvised  a  full  diHplay  of  weights  anc^  lueaaures,  both 
cu8toiiiary  and  metric,  and,  as  a  special  feature  for  this  f^rciup,  a  100-fi>ot 
bench  standard. 

Nearly  all  of  the  f()re^<»in^  material  c(»uld  be  furnished  by  the  office. 
In  swlditioii  it  ^vas  recoinniended  t<»  construct  a  model  of  a  Megiuent  of 
the  earth  on  a  scale  of  1-1  (KK)  000,  showing'  the  United  States  and 
Alaska,  and  indicating  on  its  surface  tlie  geodetic  work  of  the  Survey. 

Also  to  furnish  three  globes  of  a  large  size,  on  two  of  which  were  to 
be  rei)resented  in  a  graphic  manner  the  direetion  aud  cxteut  of  the 
<letle(;tion  of  the  magnetic  ncc^dle,  and  on  the  other  the  historical  and 
modern  geodetic  arcs  complete^l  and  ]>rox)oKed  at  the  present  time. 

Also  two  relief  phu^ter  mo<lels — one  to  form  part  of  a  series  to  illus- 
trate topographic  methods  of  survey i ng ;  the  other,  hydrographic  metli- 
oils  of  surveying. 

This  progrannne,  as  out]ine<l  by  the  c(mimittee,  was  in  the  main 
closely  adhered  to.  .Ml  the  instruments  mentioned  in  their  list  could 
not  Ih)  taken,  either  because  of  their  being  want(*d  in  the  field  or  for 
hick  of  si^ace  t^>  proiKTly  mount  them. 

Instead  of  the  pain))hlets  recommended,  leaflets  were  substituted  as 
more  likely  to  meet  the  demands  of  the  greatest  number  of  visitors. 

It  was  considered  <iesirabh'  to  direct  the  attention  more  fully  than 
had  been  done  hitherto  to  tlie  hietliodsof  tiu^  Survey  in  obtaiiung  data 
for  the  i)rediction  of  tidi*s  and  fn)m  which  our  tide  Uibles  are  compiled. 
For  this  pur])Ose  the  tidal  model  was  construeteil. 

In  order  to  show  the  current  metres  in  operation,  a  large  trough  was 
also  provided.  From  the  commencement-  of  the  ]>reparations  to  their 
<'J(»se  I  reported  t(»  tlie  Superintendent  ahnost  daily  in  order  to  keep 
him  iiilormeil  a^  to  the  diftlculties  encountered  in  carrying  out  the 
scheme  and  the  ))rogress  lUiule,  to  receive  his  instructions  and  advice 
and  also  to  i)roposc  such  additions  and  improvenumts  as  were  suggested 
to  nui  by  a  more  intimate  knowledge  of  the  subject. 

At  an  early  stage  of  tlie  prei)arations  it  luM-ame  apparent  that  there 
was  not  suihcient  room  available  in  the  olViee  buildings  for  the  con- 
struction and  setting  up  of  the  large  UKKlel  of  the  Tnited  States  aud 
Alaska,  the  tidal  model,  and  the  globes.  It  was  then  decided  to  erect 
a  frame  building  of  the  simplest  chara<'ter  on  the  hit  adjoining  the  car- 
penter shop.  It  was  40  ieei  long  and  liO  feet  wide,  sides  12  feet  high, 
with  gable  roof  S  feet  high. 

The  ])rincii)a1  rctpiirements  were  a  substantial  tliMir  and  plenty  of 
light. 

After  Mr.  Frenc^h,  the  heiid  carpenter,  had  drawn  a  ssitisfactory 
design,  spe<M(ications  were  tyj)ewritten  and  sent  to  several  builders. 

■ 

The  bids  received  were  all  very  much  higher  than  had  been  looked  for 
and  beyond  the  amount  it  seemed  wise  to  expend  for  this  purpose. 
Some  time  was  spent  in  trying  to  have  the  bids  rediu;ed  to  a  reasouabk 
figure,  but  without  avail. 
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At  this  juncture  Assistant  Edwin  Smith  came  to  the  rescue,  and 
suggested  sheathing  the  sides  and  roof  with  corrugated  iron,  and  fonud 
a  contractor  who  would  undertake  the  floor  and  framework  for  a  price 
within  the  limits  of  the  estimate.  The  Pennsylvania  Iron  Company 
furnished  the  corrugated  iron  sidings  and  pressecl-seam  steel  roof^  and 
also  sent  a  skilled  laborer  to  put  it  in  place. 

The  building  was  completed  early  in  August,  and  was  occupied  by 
the  various  employees  from  that  time  up  to  the  completion  of  the  work, 
except  during  some  of  the  severest  weather  of  the  ^nnter,  when,  in 
spite  of  two  stoves,  situated  one  at  either  end,  standing  water  would 
freeze. 

In  the  meantime,  to  obtain  a  clear  idea  of  the  requirements  of  the 
hirge  model  of  the'  United  States  and  Alaska,  I  nia<le  one  in  miniature 
on  a  scale  of  one-half  inch  to  the  foot,  and  then  farther  to  develop  the 
method  of  construction  one  on  a  scale  of  1  inch  to  the  foot  of  the  large 
model. 

From  a  study  of  these  it  was  concluded  to  make  the  model  in  eight 
sections  for  the  convenience  of  transportation,  and  to  have  it  include 
very  little  territcwry  outside  the  limits  of  our  own  possessions.  The 
selection  of  a  scale  for  the  relief  provoked  a  good  deal  of  discussion. 
It  was  linally  decided,  however,  to  adopt  the  natural  scale,  or,  in  other 
words,  there  would  be  no  exaggeration  of  the  heights  as  compared  to 
horizontal  distamjcs.  Plenty  of  models  were  already  in  existence  which 
showed  very  plainly  the  coniiguration  of  the  mountain  ranges  by  an 
increased  vertical  scale,  and  it  was  thought  unwise  on  a  model  of  this 
size  to  dwarf  all  the  horizontal  distances  and  to  sacrifice  for  x)ictorial 
eftect  a  clear  perception  of  the  true  contour  of  the  earth's  curvature. 

To  simplify  the  construction  of  the  framework,  each  of  the  principal 
ribs  was  placed  so  as  to  correspond  with  some  meridian.  In  this  way 
tlu^y  all  had  the  same  radius  of  curvature,  consequently  were  of  the 
same  pattern,  diftering  merely  in  length.  They  were  made  of  white 
pine  seconds,  Ig  inches  thick  and  10  inches  wide,  the  length  of  each 
depending  on  the  numlx^r  of  degrees  of  latitude  included  in  that  paii; 
of  the  model. 

Each  section  had  four  of  these  longitudinal  ribs,  one  at  either  side 
and  two  intermediate,  and  each  section  commen(;ed  and  ended  on  some 
multii>le  of  each  fifth  degree  of  longitude.  Thus  the  right-hand  edge 
of  the  se(;ond  section  corresponded  to  the  meridian  of  80°  and  its  left- 
hand  edge  to  the  meridian  of  90^. 

The  short  cross  ribs  were  arranged  along  some  i^arallel  of  latitude 
and  cut  to  conform  to  the  curvature  of  the  sphere  at  that  parallel. 
Thus  all  on  the  same  latitude  were  of  the  same  pattern.  Sixty  jxjunds 
of  angle  irons  were  used  for  rigidly  fastening  together  the  dili'erent 
members  of  the  sections. 

Experiments  were  made  to  discover  the  most  suitable  covering  for 
this  framework.    A  shell  of  prepared  pai>er  similai*  to  that  forming  tkc^ 
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hull  of  the  racing  boats  made  by  E.  Waters  &  Son,  of  Troy,  N.  Y.,  was 
favorably  considered;  but  there  were  reasons  in  the  way  of  its  adop- 
tion, notably  the.diiiiculty  ill  obtaining  it  of  the  desired  shape  and 
at  a  sufficiently  low  cost. 

Finally  one-fourth-inch  pine  casing  was  used,  and  }is  it  assumed  very 
nearly  the  requisite  curvature  there  was  little  dressing  down  necessary 
to  perfect  it.  On  this  were  glued  in  succession  three  thicknesses  of 
heavy  cotton  cloth,  which  was  then  painted  with  white  lesul  until  the 
pores  were  filled  and  a  smooth  surface  obtained  on  wlii(;h  a  draftsman 
could  work. 

Wliile  this  was  in  progress,  maps  were  being  collected  which  would 
fuiMiish  the  natural  and  artificial  features  to  be  represented  on  the  model. 
I  did  not  find  this  an  easy  task,  since  the  scale  of  ^  „  o  o  o  o  o  is  ^^^  unusual 
one,  and  for  many  States  quite  a  gap  exists  between  ma])S  of  a  smaller 
scale  and  the  county  maps.  The  method  I  was  forced  to  adopt  was  to 
select  those  of  a  larger  scale  and  have  them  reduced  by  photography. 
Some  conception  of  the  labor  this  involved  may  be  realized  when  it  is 
known  that  275  negatives  were  required.  These  were  made  by  Mr. 
Ohapman  of  the  photographing  and  electrotyping  branch  of  the  office, 
and  demanded  a  skill  in  their  preparation  only  to  be  acquired  after  long 
familiarity  with  such  work.  Before  this  reduction  was  made,  drafts- 
men first  plotted  and  inked  the  thousand- foot  contour  lines  wherever  the 
nature  of  the  country  called  for  them. 

Blue  i)rint8  were  made  from  the  negatives,  and  where  the  height  above 
sea  level  was  less  than  1 0(M)  feet  the  topography  was  traced  from  them 
directly  on  the  prepared  surface  of  the  model.  The  elevated  areas  of  the 
continent  were  built  up  by  gluing  to  the  cloth  a  layer  of  painted  card- 
board twelve  one-thousandths  of  an  inch  thick  for  each  thousand  feet. 
These  layers  were  cut  out  according  to  the  i)attern  indicated  by  the  con- 
tours on  the  reduced  maps.  To  further  bring  out  the  modeling  of  the 
mountain  ranges  and  individual  peaks,  their  eastern  slopes  were  shaded 
with  a  neutral  tint.  When  a  section  had  readied  this  stage,  it  was 
turned  over  to  Miss  Antisell,  who  painted  the  water  areas  and  State 
boundaries  with  appropriate  colors  in  oil.  The  iK)sition  of  the  model 
when  exhibited  was  such  that  the  axis  of  the  imaginary  sphere  of  which 
it  might  be  conceived  to  form  part  was  vertical,  with  the  Korth  Pole 
upward,  the  southern  end  of  Florida  nearly  touching  the  floor  and  the 
upper  part  of  Alaska  13  feet  above. 

This  arrangement  made  a  stairway  necessary  to  obtain  a  clear  view 
of  the  upper  portions.  This  was  built  on  the  floor  space  by  a  Chicago 
firm,  before  the  arrival  of  the  exhibits,  from  a  design  made  by  Mr.  Von 
Erichsen.  It  consisted  of  a  number  of  steps  and  platforms  ascending 
from  a  point  opposite  Florida,  following  the  irregular  outline  of  the 
model  to  the  highest  and  longest  platform,  o[)iK)site  the  Aleutian 
Islands;  thence  it  descended  in  a  curve  to  the  floor  at  the  rear. 
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There  were  no  globes  to  be  obtained  in  this  country  1™  in  diameter. 
Even  had  this  not  been  the  case,  the  customary  globes  would  have 
proved  unsatisfactory  owing  to  the  great  amount  of  detail  drawn  npon 
them,  which  would  have  a  tendency  to  obscure  the  additional  lines  and 
colors  necessary  to  represent  Assistant  Schott's  designs.  For  these 
reasons  it  was  decided  to  construct  them  of  plaster  at  the  office. 

Each  globe  was  composed  of  a  framework  of  light  but  strong  semi- 
circular wooden  ribs,  surrounding  and  fastened  to  a  hollow  brass  axis. 
These  longitudinal  ribs  were  stayed  by  several  series  of  shorter  ones 
fastened  at  right  angles.  This  skeleton  was  covered  with  wire  gauze; 
after  which  the  plaster  surface  was  applied.  To  effect  this  the  ends  of 
two  wooden  templets  one  fourth  inch  wide  and  thick  were  fastened 
at  one  of  the  poles  and  then  bent  over  the  framework  and  tacked 
down  at  the  other  pole  of  this  rude  sphere,  so  as  to  inclose  a  lune  of 
about  30O  between  them.  Dampened  fiber  was  now  placed  in  a  thin 
layer  within  this  space,  so  as  to  partially  close  the  interstices  of  the 
wire  gauze. 

A  sufficient  amount  of  plaster  of  paris  was  then  mixed,  and  when  it 
had  arrived  at  a  mush-like  consistency  was  rapidly  applied  over  the 
fiber.  Some  portions  would  force  their  way  through  the  gauze  and 
serve  to  lock  the  casting  to  the  frame.  After  the  plaster  was  set,  and 
while  it  was  still  in  a  soft  condition,  the  opportunity  was  taken  to  pare 
down  the  excess,  the  templets  serving  as  guides  to  show  where  to  cut 
away. 

After  this  was  completed  a  templet  from  one  side  of  the  cast  was 
carefully  removed  and  secured  again  at  the  proper  distance,  so  as  to 
form  a  new  space  for  the  next  casting. 

In  this  way,  section  by  section,  the  frame  received  a  complete  coating 
of  plaster.  Then  by  using  a  carefully  made  brass  templet  for  reference 
the  rough  surface  was  turned  down  to  the  proper  dimensions. 

When  the  plaster  was  thoroughly  dry,  it  was  sized  with  a  thin 
solution  of  glue,  and  afterwards  given  a  coat  of  white  lead  and  japan 
varnish.  The  globe  was  now  given  to  a  draftsman,  who  drew  the 
meridians  and  parallels,  outlined  the  continents,  and  indicated  the 
boundaries  of  the  different  colors.  The  artist.  Miss  Antisell,  then 
tinted  the  land  areas  a  neutral  color  on  all  three  globes,  and  on  the 
isogenic  globe  the  areas  of  western  declination  a  buff  color  and  east- 
ern declination  a  blue.  On  the  isoclinic  globe  the  areas  of  northern 
dip  were  tinted  buflf  and  the  southern  dip  blue.  Lastly,  a  draftsman 
drew  the  lines  indicating  the  amount  and  direction  of  the  magnetic 
deflection,  the  historical  and  modern  geodetic  arcs,  and  the  gravity 
stations  on  the  appropriate  globes. 

The  stands  were  made  from  designs  fiirnished  by  Mr.  E.  G.  Fischer, 
chief  instrument  maker,  and  attracted  attention  on  account  of  the 
ingenuity  displayed,  all  the  framework  which  ordinarily  surrounds  a 
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globe  of  this  Rize  bein^  avoided  and  .the  view  of  the  surface  x)resented 
free  of  obstruction. 

A  stand  consists  of  a  steel  shaft  fitting  the  axis  of  the  globe,  having 
four  spokes  above  and  below  for  the  purpose  of  revolving  it.  The 
lower  end  was  mounted  ou  ball  bearings  fitting  a  casting  with  gas-pipe 
feet.  The  axis  was  inclined  to  represent  the  jmsition  of  the  earth  in 
relation  to  the  plane  of  the  ecliptic. 

The  form  in  which  the  tidal  model  was  exhibited  is  the  outgrowth  of 
•  various  attempts  to  display  in  a  com])rehenaive  manner  the  methods 
pursued  by  the  Survey  in  procuring  the  data  on  which  are  based  our 
published  tide  tables. 

It  consisted  of  a  stout  wotxlen  box  with  a  sloping  bottom,  the  greater 
part  of  which  was  lined  with  Iciul  so  as  to  form  a  water-tight  tank. 
At  one  end  was  modeled  in  miniature  a  sti'ip  of  sandy  beach  and  a 
number  of  sand  dunes.  At  one  extremity  of  this  little  i)iece  of  coast 
line  was  placed  a  diminutive  light-house  and  keeper's  dwelling,  and  at 
the  other  a  fish  house  and  wharf.  That  part  of  the  tank  intended  to 
represent  the  sea  bottom  wa^s  modeled  to  imitate  the  api>earance  of 
shoals  and  sandbars.  Along  the  side  of  the  tank  opposite  the  strand, 
and  where  the  water  was  deejiest,  were  plac^ed  the  miniature,  self-record- 
ing tide  gauge  and  the  miniature  tide  indicator,  both  designed  by  Assist- 
ant E.  E.  Haskell.  This  indicator  was  the  c(mnteri»art  of  one  located 
at  The  N'iirrows,  New  York,  which  is  of  sulTicient  size  i'or  those  aboard 
l)asaiug  vessels  to  read  on  its  dial  the  height  of  the  tide  above  or  below 
mean  low  water,  and  also,  by  a  device  connected  with  the  iioat,  learn 
whether  the  tide  is  rising  or  falling.  It  was  the  intention  to  have  the 
characteristic  tides  of  New  York  and  San  Francisco  reproduced  on  a 
reduced  scale,  recturring  at  six-minute  intervals.  With  this  in  view, 
Assistant  Haskell  designed  two  balanced  valves,  one  for  supply  and 
one  for  discharge,  controlled  by  two  cam  disks,  the  latter  being  run 
by  clockwork.  This  contr(»l  was  eif'ected  by  causing  a  small  roller 
attached  to  the  end  of  ejieh  i)iston  rod  to  travel  in  the  grooves  of  the 
disks,  so  that  the  valves  were  opened  and  closed  in  i)roper  sequence 
to  raise  and  lower  the  water  in  the  tank  the  nec'^essary  amount  to  i)ro- 
duce  the  tidal  curve. 

In  order  to  have  this  mechanism  perform  satisfa<*torily,  it  was  indis- 
pensable to  have  a  constant  water  pressure.  Unfortunately,  after  the 
exhibit  was  installed,  the  pressure  was  found  to  vary  to  such  an  ext-ent 
that  it  was  impossible  to  keep  the  apparatus  in  adjustment  for  any 
length  of  time,  and  a  discharging  siphon  had  to  be  substituted.  This 
reduced  the  representation  to  a  nuich  simpler  form,  the  tank  being 
filled  and  emptied  to  the  same  extent  each  time,  without  any  attempt 
to  simulate  the  si^ecial  features  of  the  tidal  curve. 

Assistant  Ogden  selected  a  series  of  exhibits  to  show  the  various 
steps  taken  in  the  production  of  a  finished  chart  from  the  field  sheets. 
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This  series  in  part  contaiued  the  original  toi)ographic  and  hydro- 
graphic  sheets,  the  drawings  from  the  same  for  engraving  and  litho- 
graphing, reductions  by  photography,  lithographic  stones  on  which 
these  had  been  transferred,  the  engraved  copper  plate,  a  basso  and 
alto  partly  separated,  a  basso  and  alto  separated,  and,  finally,  the  fin- 
ished chart. 

To  present  more  distinctly  the  relation  between  a  published  chart 
and  the  region  represented,  and  to  illustrate  more  clearly  the  mean- 
ing of  the  various  symbols  and  arbitrary  signs  used  on  a  chart,  two 
plaster  composition  relief  models  were  ordered  of  Mr.  E.  E.  Howell. 
One  is  modeled  directly  from  Chart  No.  306  and  embraces  a  portion  of 
Mount  Desert  Island  and  Frenchmaus  Bay,  Maine.  The  diversified 
character  of  this  region,  containing  wooded  mountains,  bare  clifts, 
lakes,  islands,  and  seacoast,  makes  it  an  especially  fit  subject  for  the 
purpose. 

The  other  model  was  taken  from  a  portion  of  Chart  No.  5487 — Carmel 
Bay,  California,  vertical  and  horizontal  scale  1-12  000.  In  this  vicinity 
is  found  one  of  those  submarine  valleys,  peculiar  to  the  Pacific  coast, 
whose  deep  trough  and  precipitous  slopes  penetrate  the  continental 
plateau  to  within  a  short  distance  of  the  coast  line.  This  feature 
affords  an  excellent  opx>ortunity  for  the  explanation  of  the  technical 
details  of  a  hydrographic  chart. 

As  a  further  illustration  of  our  tiipogiaphical  work,  a  model  was  mmle 
of  Eock  Creek  Park  and  vicinity.  This  area  is  included  in  the  large 
scale  survey  (1-4  8(K))  made  by  the  officers  of  the  Coast  and  Geodetic 
Survey  for  the  Commissioners  of  the  Distiict  of  Columbia. 

Foi'  precision  of  methods  and  elaboration  of  details  the  treatment  of 
this  region  is  unequaled  by  any  other  of  like  extent  in  this  country. 
Lithographic  reproductions  in  colors  of  th(5  original  sheets  were  made 
on  cardboard;  and  as  the  adopted  scales  for  horizontal  and  vertical  dis- 
tances were  the  same,  its  tliickness  (thirteen  one-hundredths  of  an 
inch)  represented  6  feet. 

The  usual  method  was  x)ui'sued  in  building  up  the  model.  One  of 
the  prints,  with  all  that  area  cut  away  below  the  lowest  contour,  was 
glued  upon  another  print  left  entire,  the  cutting  being  done  with  a 
sharp-pointed  knife  and  the  cut  being  made  so  as  to  divide  the  contour 
line  in  half.  Another  print  w  as  then  t<iken,  and  all  the  area  below  the 
next  higher  contour  cut  away  before  being  glued  down.  In  this  way 
successive  layers  were  superimposed,  one  upon  the  other,  untU  the  piece*^ 
containing  the  last  or  highest  contour  was  put  in  place,  when  the 
resulting  cardboard  block  appeared  as  a  faithful  copy  in  miniature  of 
the  country  covered  by  the  print.  A  number  of  blocks  were  constructed 
in  this  manner,  and  then  carefully  fitted  together  to  form  the  complete 
model.  The  edge  of  each  layer  was  colored  brown  in  order  to  show 
graphically  the  relation  between  the  contours  of  a  topographical  map 
and  the  vertical  heights. 
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Fourteen  leaflets  were  prepared  and  printed  to  give  an  account  in  a 
popular  form  of  the  organization,  operations,  and  methods  of  the  Sur- 
vey. They  were  made  of  a  convenient  size  for  carrying  in  the  coat 
X)Ocket.  Each  consisted  of  four  pages  Gj  by  -i^  inches,  and  contained 
about  1  .'500  words. 

The  following  are  the  titles  and  authors: 

"The  Coast  and  (re(Kletic  Survey,"  condensed  from  an  article,  by  Dr. 
T.  C.  Mendenhall. 

"Time,  latitude,  and  hmgitude,"  O.  H.  Sinclair. 

"Base  apparatus,^-  R.  S.  Woodward. 

"Triangulation  and  reconnaissance,''  W.  (3.  TTodgkins. 

"Gravity,^  E.  D.  Preston. 

"Topography,"  If.  L.  AVhiting. 

"Hypsometry,"  Andrew  Braid. 

"Hydrography,"  S.  M.  Ackley. 

"Tides  and  currents,"  A.  S.  Christie  and  E.  E.  Iliiskell. 

"Description  of  the  Coast  and  Geo<letic  Survey  steamer  Blnke^ 
C.  E.  Vreeland. 

"Magnetics,"  C.  A.  Schott. 

"Chart  publications,"  IT.  G.  Ggden. 

"Weights  and  measures,"  O.  II.  Tittmann. 

"Model  of  the  United  States  and  Alaska,"  D.  B.  Wainwright. 

Three  editions  of  5,000  each  were  printed,  all  of  which  were  dis- 
tributed excepting  a  few  retained  for  special  i)urposes. 

Among  the  details  which  occupied  my  attention  were  the  designs  for 
a  show  case  for  the  display  of  a  large  portion  of  the  exhibit  of  Standard 
Weights  and  Measures.  It  was  built  of  cherry  wood,  by  a  Chicago 
firm,  and  comx^leted  the  latter  part  of  March. 

Also  rails  and  posts  of  special  design  for  inclosing  sections  of  the 
floor  space  were.ordered  in  Washington  and  taken  along.  Under  the 
direction  of  Assistant  Edwin  Smith  the  instruments  intended  for  the 
Exposition  were  collected  and  i)nt  in  order. 

By  the  1st  of  April  nearly  all  the  exhibits  were  completed,  boxed, 
marked,  and  invoiced  for  shipment  and  loaded  on  the  csira  at  the 
Baltimore  and  Ohio  freight  station.  I  arrived  in  Chicago  April  6,  with 
Mr.  Dice,  the  carpenter  who  had  been  connected  with  the  preparations 
since  the  active  work  commenced,  in  June,  and  Mr.  William  T.  Oliver, 
who  had  also  been  employed  since  July. 

The  floor  space  was  located  in  the  southwest  corner  of  the  Govern- 
ment building,  opposite  the  Word's  Fair  post-office.  It  consisted  of 
two  detached  portions,  separated  by  an  8-foot  aisle,  and  together  con- 
tained 2  920  square  feet.  The  larger  space  was  originally  in  the  shape 
of  a  rectangle  52J  by  44  feet,  but  for  the  convenience  of  the  Light- 
House  Board  a  triangular  piece  in  the  northeast  corner  15  by  12  feet 
was  cut  off  and  a  small  rectangle  9  by  14  feet  added  on  in  its  place. 
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The  other  portion  of  oar  space  was  north  of  the  latter,  across  the 
aisle,  and  was  in  rectangular  form  21  by  28  feet. 

The  first  work  undertaken  was  the  construction  of  an  oak  partition 
between  our  space  and  that  of  the  light-house  exhibit,  on  which  were 
displayed  in  oak  frames  original  topographic  and  hydrographic  sheets 
and  a  selection  of  charts  and  diagrams.  Bunniug  along  the  partition 
was  built  a  counter  on  which  were  disposed  the  plaster  models  of  Car- 
mel  Bay,  Mount  Desert  Island,  and  some  of  our  publications.  The 
large  model  of  the  United  States  and  Alaska  was  afterwards  put 
together  and  occupied  a  central  position.  To  conceal  the  supports  and 
braces,  a  series  of  white  pine  strips  fastened  at  the  upper  ends  to 
the  edge  of  the  model  and  at  their  lower  ends  to  the  floor  formed  a 
iramework  on  which  was  tacked  wine-colored  felt.  The  area  thus 
inclosed  proved  very  useful  a-s  a  receptacle  for  storing  instrument  boxes. 

After  vexatious  delays  and  many  fruitless  trips  to  the  railroad  offices 
and  yards,  the  50-foot  iron  bar  for  the  bench  standard  was  found  and 
brought  to  our  floor  space.  On  Mr.  Louis  Fischer's  arrival,  it  was  taken 
to  the  blacksmith's  shop  at  the  southern  extremity  of  the  grounds  to 
be  straightened,  it  having  been  bowed  in  transportation. 

On  being  brought  back,  Mr.  Fischer  bored  the  holes  for  the  german- 
silver  plugs,  making  use  of  the  lathe  in  the  United  States  ordnance 
exhibit  through  the  courtesy  of  the  officer  in  charge;  after  which  it 
was  graduated.  It  was  then  mounted  on  the  heavy  railing  which 
extended  along  the  western  side  of  our  space,  from  its  upper  limits  to 
within  6  feet  of  the  lower  edge. 

The  advantage  of  this  over  customary  bench  standards,  in  that  its 
coefficient  of  expansion  is  nearly  the  same  as  that  of  steel  tapes  or 
chains,  so  that  thermometer  readings  can  be  dispensed  with  when  com- 
paring, was  explained  to  visiting  engineers,  and  a  number  of  steel  tapes 
tested. 

Mr.  George  W.  Dorr,  chief  engineer  of  the  West  Side  parks,  became 
interested  in  having  the  standard  retained  in  Chicago,  where  only 
crude  devices  for  a  similar  purpose  exisU^d.  In  response  to  a  resolu- 
tion of  the  park  commissioners,  the  Superintendent  obtained  the 
authority  to  leave  it  in  their  charge  for  the  benefit  of  the  engineers  of 
Chicago,  and  accordingly  after  the  close  of  the  Exposition  it  was  set 
up  in  one  of  the  conservatories  of  Douglas  Park. 

Parallel  to  this  exhibit,  and  forming  a  group,  were  arranged  the  com- 
X)ensating  base-bar  apparatus  and  the  duplex  apparatus. 

The  latter,  a  decided  novelty,  since  mercurial  thermometers  are  dis- 
carded, consists  of  two  bars,  each  one  containing  two  tubes  of  nearly 
equal  length — one  of  steel  and  one  of  brass — and  so  arranged  that  the 
measurement  may  be  conducted  with  and  expressed  in  terms  of  either 
component,  and  the  difference  between  the  measured  lengths  as  ex- 
pressed by  the  two  components  afibrds  a  measure  of  average  tempera- 
ture of  either  component  during  the  measure. 

8.  Ex,  19,  pt.  2 28 
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Anotlier  innovation  shown  in  t\w  Bnnio  grou})  is  the  ice<l*bar  apparatas, 
wliero  tlu?  teiiipcratiire  of  tlie  bar  is  controlled  by  suri'oaiidiui;  it  with 
melting;  ice.  Visiting  engineers  were  invariably  attracted  to  tliese 
exhibits  and  manifested  their  interest  by  the  close  att^Mition  given  to 
the  explanations  by  the  Assistant  in  charge,  and  also  by  the  number  of 
({uestions  they  asked. 

At  the  northern  end  of  the  main  1](»or  s]mce  an  aisle  <>  feet  wide  wsis 
left  between  the  bench  standard  and  tlie  group  of  astr(»nomical  instru- 
ments. 

Tlie  latter  occupied  an  inclosure  8  feet  s(piare  and  was  composeil  of 
a  meridian  telescoi)e,  astronomical  transit,  prismatic*  transit,  zenith 
telescope,  telegraph  keyboard,  break  circuit  chronometer,  and  cylinder 
chronograph. 

A  portion  of  the  instruments  were  arranged  so  as  to  show  the  relative 
positions  they  would  occupy  in  a  longitmle  held  stiition. 

To  the  south  of  these  came  the  inclosure,  surrounded  by  a  5-foot  aisle, 
in  which  were  grouped  the  instruments  used  in  triangulatiou  and 
hypsometry.  Tliey  consisted  of  ilirection  theodolites,  repeating  tlietKl- 
olites,  a  vertical  circle,  a  geodetic  level,  and  an  engineer's  wye  level. 

A  short  distance  below  these,  and  close  to  the  stairway,  stood  tlie 
geodetic  globe;  and  next  in  order  came  a  0-foot  counter  show  case  in 
which  werc^  displayed  the  small  instruments  used  in  reconnaissance, 
and  also  the  new  half  seconds  pendulums. 

On  the  southern  edge  of  the  lloor  space,  and  far  enough  from  the 
base  apparatus  to  admit  of  an  aisle,  was  li»cated  an  11  by  14  inch  Hee 
press,  on  which  the  plaU^  ])rinter  and  his  hel[)er  struck  oft' from  a  small 
engraved  cop])er  j)late  prepared  expressly  for  this  ]mrpose  copies  of 
a  little  chart  of  the  St.  Croix  Itiver,  Maine.  This  exhibit  always  at- 
tracted a  larg<i  an<l  interested  throng,  and  the  ]>rints  were  eagerly 
sought  after.  As  the  i)late  printei"  was  ]died  witli  numerous  questions 
ami  had  to  make  frequent  explanations  of  the  ]n'ocess,  it  was  imiN)S- 
sible  for  him  to  work  fast  enough  in  sup]>ly  Jiiore  than  a  fraction  of  the 
demand.  However,  the  ollice  ])rovided  for  this  deliciency  by  sending 
on  some  thousands  of  plH)tolithograph  copies. 

On  the  eastern  sidt^  (»t'  the  inclosun*  of  the  i date-printing  exhibit 
was  an  0]MMiing  in  the  railing  to  serve  as  a  i»assageway  to  the  Marine 
ll(»spital  si)a<*e.  Next  to  this  wa.^  situated  a  screen,  on  both  sides  of 
which  Assistant  Ocdonnji.  on  his  arrival,  arranged  the  publication 
exhibit  of  the  engraN'iug  division  (»f  the  Suivey.  This  illustrated  in  a 
very  interesting  nmnner,  l)ys]»ecimens,  tlu*!  various  ])rocesses  employed 
in  producing  a  finished  chart.  It  furnished  the  material  for  explaining 
why  the  Survey  retaijied  the  method  of  cop]>er-plate  engraving  for 
most  of  its  charts  instead  of  the  more  ra])id  method  of  reproduction 
by  ])hotolithograi)hy.  By  its  aid  could  be  slif»wn  that  each  photolitho- 
grajdi  ])rint  had  to  Ix*  <'r>rrected  by  hand  for  <*very  change,  either 
natural  or  artificial,  occurring  within  its  limits,  since  smdi  corrections 
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'  can  not  be  made  on  the  stone  itself;  how  they  are  quickly  and  easily 
made  on  the  copper  plate;  and,  finally,  how  photolithograpliy,  while  at 
first  the  cheapest  and  most  rapid,  becomes  the  most  expensive  and 
slowest  method  of  reproduction. 

Kext  to  this  screen,  and  in  the  southeast  corner  of  the  floor  space, 
came  the  relief  model  of  Kock  Ci*eek  Park  already  described.  •  Adjoin- 
ing this,  and  close  up  to  the  partition  on  which  wore  suspended  original 
toi)ographic  sheets,  were])laced  the  two  phme  tables  and  alidades — one 

a 

of  standard  size;  the  other  a  small  one  for  mcmntiiin  work. 

In  the  curved  area  at  the  back  of  tin*  large  model  of  the  United 
States  and  Ahiska  were  situated  an  ofllco  desk,  a  revolving  bookcase 
containing  a  complete  set  of  the  Annual  Reports  of  the  Survey,  and  a 
case  with  fourteen  drawers  containing  a  nearly  comi)lete  collection  of 
our  i>nblished  charts  for  exhibit  on  special  call. 

Immediately  north  of  the  staircase  of  tiie  large  model,  on  an  oak 
table,  was  x>la<^ed  the  full-rigged  model  of  the  United  States  (/Oast  and 
Geodetic  Survey  steamer  Blake.  It  is  42  inches  in  length,  and  shows  in 
miniature  the  steamer's  apparatus  for  anclioring  and  souiuling  in  great 
de})ths.  Over  it  was  a  card  informing  visitors  tliat  the  steamer  herself 
was  located  nt  the  pier  n(?ar  the  Casino  and  had  on  board  a  complete 
outfit  for  hydrographic  surveying. 

Along  the  upper  end  of  the  partition  was  [dared  a  large  oak  trough 
through  which  tlowed  a  stream  of  water.  In  this  was  shown  the  Has- 
kell-llitchie  direction  and  velocity  meter  in  operation  and  several  types 
of  velocity  nn^ters. 

In  the  small  rectangular  space  on  the  extreme  north  was  located  the 
tidal  model.  It  was  always  surrounded  by  a  number  of  interested 
spectators.  By  its  side  were  a  Stierle  self- registering  gauge  and  the 
tide  predictor. 

On  the  east  si<ie  of  the  detached  Hoor  space  was  situated  a  large 
cherry-wood  show  case,  which  contained  all  the  smaller  articles  of  the 
weights  and  mejusures  exhibit;  among  others  a  copy  of  the  international 
prototype  metre. 

On  the  oy»posite  side  of  the  si)ace  were  the  large  and  medium  balances. 
In  the  northwest  corner  the  Saxtou  pyrometer  was  arranged  on  two 
imitation  i)iers — the  steel  bar  and  mirror  close  to  the  partition,  and  the 
telescope  and  scale  8  feet  farther  out.  In  the  middle  of  the  space  was 
a  railed  inclosure  in  which  werti  mounted  New  Magnetometer  No.  20, 
one  of  the  Survey's  latest  design,  and,  as  a  contrast,  Magnetonu?!ter  No. 
3,  one  of  the  earliest  designed. 

The  two  plaster  globes,  on  which  was  represented  by  lines  aiul  colors 
the  present  state  of  the  magnetic  elements  on  the  earth's  surface,  stood 
near  by  to  the  eastward. 

On  the  south  was  placed  the  comparator  for  testing  thermometers  in 
liquid. 
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The  Bepsold  reversible  pendulum  and  the  Peirce  yard  and  metre 
X^endulums  were  arranged  in  brackets  along  the  western  partition. 

Messrs.  James  S.  Hunter,  J.  D.  Cleary,  and  G.  Ritter,  draftsmen, 
were  engaged  in  plotting  the  contours  on  the  State  maps  previous  to 
their  reduction  by  photography,  and  then  in  drawing  the  details  on 
the  surface  of  the  large  moilel  and  building  up  the  elevations. 

Mr.  Cleary  prepared  most  of  the  sections  of  the  Bock  Creek  model, 
and  its  excellence  is  due  to  his  skill  and  patient  care.  He  was  assisted 
in  the  latter  i)art  of  this  work  by  Mr,  Hunter. 

Mr.  Hunter  also  i)repared  the  plaster  globes  for  the  artist,  outlining 
the  continents  and  the  color  boundaries,  besides  drawing  the  parallels 
and  meridians  and  tracing  the  colored  lines  showing  the  dip,  intensity, 
and  deflection  on  the  magnetic  globes.  He  worked  with  great  rapidity 
and  intelligence. 

Miss  M.  Antisell  i)ainte<l  in  appropriate  oil  <;<)lors  the  water  areas 
and  State  boundaries  on  the  large  model  and  the  continents  and  mag- 
netic areas  on  the  plaster  globes.  Her  work  was  pronounced  quite 
satisfactory  and  artistic. 

Mr.  R.  M.  C.  Dice,  assisted  by  Mr.  William  T.  Oliver,  executed  the 
carpenter  work  on  the  large  model,  as  well  as  all  work  of  like  character 
required  in  prei)aring  the  exhibits.  He  showed  himself  to  be  a  man  of 
energy  and  resource. 

Mr.  H.  O.  French,  the  chief  carpenter  of  the  Survey,  materially 
assisted  by  solving  a  number  of  knotty  problems  which  i)reseuted 
themselves  during  the  construction  of  some  of  the  models. 

Mr.  William  T.  Oliver  had  proved  so  useful  in  such  a  variety  of  ways 
that  his  appointment  as  attendant  to  the  exhibit  at  Chicago  was 
recommended  and  approved.  Messrs.  Louis  L.  Williams,  H.  G.  Gassa- 
way,  S.  Blake,  jr.,  J.  P.  Moritz,  and  A.  L.  Wasserbach  were  engaged 
l)rincipally  in  building  up  the  surface  of  the  large  model. 

I  was  relieved  from  the  charge  of  the  exhibit  in  Chicago  on  June  17 
by  Mr.  B.  A.  Colonna,  Assistant  in  charge  of  the  oflSce,  and  was 
granted  a  t^n  days'  leave  of  absence  before  proceeding  to  Bastport,  Me., 
in  connection  with  the  international  water  boundary. 

Mr.  Colonna  was  relieved  by  the  following  officers  of  the  Survey  in 
turn : 

W.  H.  Dennis,  from  July  i\  to  July  24;  V.  A.  Schott,  from  July  25  to 
August  15;  E.  T).  Preston,  from  August  IG  to  September  7;  Edwin 
Smith,  from  September  8  to  September  30;  Lieut.  Commander  JeflF.  C. 
Moser,  from  October  1  to  October  10. 

The  following  mechanicians  were  on  duty  at  (Chicago  in  (connection 
with  the  exhibit: 

liouis  A.  Fischer,  from  May  1  to  ]\lay  28;  Otto  Storm,  from  June  1 
to  July  'M ;  E.  G.  Fischer,  from  August  1  to  August  IM ;  W.  R.  Whitman, 
from  September  2  to  October  10.  Also  the  following  plate  printers: 
C.  J.  Harlow,  Eberhard  Fordan,  and  Richard  Bright. 
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Mr.  Harlow  arriveil  before  the  iustallatioii  wsis  complete  and  before 
it  wa<4  i)racticable  to  coiimieuce  priuting  the  iiiiiiiature  charts.  lu  the 
meantime  he  was  quite  zealous  iu  forwarding  the  work  in  every  way. 

On  October  11  I  returned  to  Chicago,  relieving  Lieutenant<Com- 
mander  Moser. 

Previous  to  the  close  of  the  Exposition,  on  October  30,  such  arrange- 
ments as  could  be  made  for  expediting  the  pa4*king  were  perfected,  and 
promptly  on  the  morning  of  the  31st  the  work  of  dismounting  the  instru- 
ments and  putting  them  in  their  boxes  was  begun. 

The  wisdom  of  the  office  was  clearly  shown  in  tlie  detail  of  Mr.  George 
W.  Clarvoc  for  this  work.  Uis  long  familiarity  with  the  handling  and 
packing  of  delicate  instruments  enabled  hini  to  accomplish  far  more 
than  an  ordinary'  carpenter  without  this  oxi)erience. 

Although  the  progress  made  was  rapid,  every  precaution  was  taken 
to  insure  the  safety  of  the  articles  shipped,  with  the  result  that  every- 
thing arrived  in  Washington  in  excellent  conditicm.  By  November  30 
the  last  details  for  shipping  the  exhibits  were  completed,  and  I  trans- 
ferred them,  together  with  the  invoices  and  bills  of  lading,  to  the  charge 
of  Mr.  Fred.  A.  Stocks,  representative  of  the  United  States  Treasury, 
and  returned  to  Washington. 

There  was  allotted  to  the  Coast  and  Geodetic  Survey  out  of  the 
appropriation  for  the  tTnited  States  Government  exhibits  the  sum  of 
$12,000. 

Part  of  the  i>reparation,  where  expert  work  was  re(iuired  on  instru- 
ments and  models,  was  necessarily  performed  in  our  instrument  and 
carpenter  shops,  and  no  estimate  is  given  of  its  cost.  Other  than  this, 
the  sum  of  $10,000  was  expended,  and  the  items  and  approximate 
amounts  can  be  grouped  under  the  following  heads: 

LaboVy  $ijOOO, — ^This  includes  the  pay  of  draftsmen,  carpenters,  an 
artist,  and  the  labor  required  in  constructing  the  iron  building. 

Material^  S1,S00, — This  includes  1  umber,  i^aints,  oils,  hardware,  plaster, 
globe  stands,  plaster  relief  models,  mechanism  for  tidal  model,  minia- 
ture tide  gauge,  miniature  tide  indicator,  et<;. 

Traveling  crpenses,  Sj^^OOO, — This  includes  the  railroad  fares  to  and 
from  Chicago  of  the  ofhcers  who  had  charge  of  the  exhibit  at  the 
Exposition,  of  the  mechani(*ians,  and  of  the  plate  printers;  also  their 
subsistence  allowance  while  en  route  and  in  Chicago,  at  82.50  per  day. 

Inntallation,  $1,300, — This  includes  show  cases,  desk  and  chairs,  rail- 
ing, stairway  for  large  model,  chart  frames  and  glass,  i)artitions,  and 
decoration. 

Maintenancey  f  1,000. — This  includes  the  i)ay  of  an  attendant,  of  a 
plate  printer's  helper,  water  bills,  and  sundries. 

About  300  accounts  were  i)resented  for  settlement,  each  account 
requiring  duplicate  and  sometimes  triplicate  vouchers. 

During  the  i>reparations  in  Washington  requisitions  signed  by  the 
Sui^rintendent  or  his  representative  were  made  for  all  material  used. 
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A  book  containing  x)rinte(l  requisitions,  with  stubs  and  serial  numbers, 
was  lurnished  for  this  purpose. 

Exclusive  of  the  short  letters  transmitting  vouchers  and  accounts, 
the  corre8iK)ndence  consisted  of  about  150  communications  and  the 
same  number  of  replies  on  various  topics  connected  with  the  exhibit. 

On  the  resignation  of  Assistant  Secretary  A.  B.  Kettleton,  in  the 
spring  of  1893,  Mr.  Fred.  A.  Stocks,  then  chief  clerk  of  the  Treasury 
Department,  was  appointed  the  representative  of  the  Treasury  on  the 
board  of  management  of  the  Government  exhibits. 

It  is  a  pleasant  duty  to  rec^ird  here  his  unfailing  care  of  our  interests 
and  his  invariable  courtesy  in  a  trying  position. 

In  closing  this  report,  some  general  remarks  seem  appropriate  in 
order  that  those  in  charge  of  future  exhibits  may  profit  by  our  past 
experience. 

It  is  a  great  saving  of  time,  worry,  and  expense  to  carry  along  all 
material  for  installation,  except  ])ossibly  lumber  for  partitions.  Even 
after  the  most  careful  arrangements  have  been  made,  once  on  the 
ground  delays  from  unforeseen  causes  will  arise.  The  more  independ- 
ent one  is  of  supplies  from  the  outside  the  smaller  the  opportunity  for 
these  delays  to  occur.  Posts  and  railings  should  be  designed,  ordered, 
and  made  in  time  to  shii)  with  or  before  the  exhibits. 

The  most  satisfactory  partition  was  one  adopted  by  the  Treasury 
Department,  following  the  example  of  the  National  Museum.  It  con- 
sisted of  planed  pine  boards  with  a  molding  running  along  the  to]). 
Below  the  molding  the  boawls  are  covered  with  wide,  heavy  cotton 
cloth,  tacked  on.  The  lines  of  tacks  are  concealed  by  a  narrow  mold- 
ing. The  moldings  are  painted  a  dead  or  drop  black,  and  the  cloth 
stained  a  dark  maroon  color.  The  result  is  quite  rich  and  effective. 
It  would  not  answer  to  dispense  with  the  cotton  cloth  and  paint  the 
boards  themselves,  since  ugly  white  cracks  would  appear  in  time,  due 
to  the  shrinkage  of  the  wood. 

I  believe  our  instruments  were  the  only  ones  at  the  Exposition  dis- 
played without  the  protection  of  glass  ca-ses.  On  this  account  they 
gradually  lost  their  bright  and  neat  appearance.  On  the  other  hand, 
the  cost  of  showcases  sufliciently  large  wouhl  have  been  a  serious  tax 
upon  our  allotment.  Besides,  visitors  never  take  the  same  interest  or 
show  the  same  desire  to  study  articles  whi<*h  are  shut  off  from  them 
in  this  way,  compared  to  the  interest  they  manifest  for  those  moi^e 
accessible. 

When  practicable,  imitation  brick  or  stone  piers  should  be  used  for 
mounting  all  instruments,  as  they  add  very  much  to  th(5  effectiveness 
of  the  display.  Our  example  in  this  respect  was  lollowetl  in  several 
instances.  All  machinery  or  mechanism  in  operation  has  an  intense 
fascinatio]!  for  the  average  visitor,  and  next  to  the  souvenir  fever  may 
be  said  to  be  his  most  conspicuous  mental  characteristic. 
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The  rage  for  Houveiiirs  manifests  itself  umoug  those  of  a  low  moral 
standard  in  an  exceedingly  inconvenient  way  for  the  exhibitor.  It  is 
unsafe  to  leave  exiH>sed  small  articles,  even  those  of  no  intrinsic  value, 
where  they  can  be  readily  carried  oft*  by  relic  hunters. 

The  following  awards  were  made  to  the  Survey: 

1.  For  the  collective  exhibit  of  charts,  maps,  models,  instruments, 
and  publications. 

2.  For  the  charts  of  the  Survey,  which  are  no  doubt  the  best  in  the 
world  on  account  of  the  perfection  of  survey,  the  short  time  in  which 
they  were  made,  the  greatness  of  plan  for  doing  the  general  sui*vey, 
and  the  enormous  resources  that  the  (iovernment  put  into  the  work. 

3.  For  a  number  of  improvenumts  in  the  constrnction  of  theodolites, 
levels,  and  other  implements  of  ])reeisiou.  For  a  large  collection  of 
geodetic  instruments  of  the  highest  degree  of  excellence,  many  of  which 
were  improved  by  members  of  the  corps  and  nuide  in  the  shops  of  the 
Survey. 

4.  For  im])ortant  improvements  in  pendulums  for  gravity  work, 
namely:  The  transfer  of  the  knife  edges  to  the  supports,  whereby  they 
can  be  polished  or  sharpene4  without  afl'ecting  the  pendulum;  for  the 
means  of  determining  the  j^eriod  by  the  principle  of  coincidences;  for 
the  consequent  reduction  of  size  and  weight,  facilitating  transporta- 
tion and  manipulation. 

6.  For  the  instructive  object  lesson  presented  in  the  model  of  the 
United  States,  including  Alaska,  by  which  the  true  cjurvature  of  the 
earth  is  clearly  shown  and  the  rehitions  of  heights  and  distances  by 
the  employment  of  but  one  scale.  It  exhibits  in  an  ingenious  manner 
the  direction  of  tlie  magnetic  meridians,  and  also  the  principal  trian- 
gulationof  the  United  States  and  the  position  of  the  base  lines. 

G.  For  various  ingenious  dt^vices  for  securing  tln^  greatest  possible 
juujnracy  in  the  measurement  of  bases,  aiul  for  det^»nninii!g  the  errors 
incid(»ntal  thereto.  For  carefully  engraved  charts,  a  (collection  of  the 
annual  reports  of  great  interest  and  imi»ortance,  and  complete  sets  of 
tide  tables  and  coast  pilots. 

7.  For  evidence  of  the  line  construction  and  precision  of  the  stand- 
firds  of  length,  weight,  antl  volume  constructed  in  the  shops  of  the 
Bureau.  For  the  re|U(»sentatives  of  the  International  Metre  and  the 
British  Imi)erial  yard. 
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rNTRODFOTORY   REMARKS. 

The  observations  for  variation  of  latitude  at  San  Francisco,  CaL, 
were  undertaken  in  cooperation  with  the  International  Geodetic  Asso- 
ciation. It  is  one  of  three  stations  occupied  by  the  Survey,  simulta- 
neously, and  was  selected  with  respect  to  position  in  order  to  secure  the 
best  results  for  elucidating  the  phenomenon  of  the  shifting  of  the 
earth's  axis  of  rotation.  The  results  at  the  other  two  stations  have 
already  been  published,  those  on  the  variation  of  latitude  at  Rock- 
ville,  Md.,  in  Appendix  No.  1,  Coast  and  Geodetic  Survey  Report  for 
1892,  and  those  reached  at  Waikiki,  near  Honolulu,  Hawaiian  Islands, 
in  Appendix  No.  2,  Rei)ort  for  1892.  The  number  of  observations  at 
San  Francisco  considerably  exceeds  those  made  at  the  other  stations 
combined,  and  their  reduction  was  somewhat  delayed  for  want  of  avail- 
able computing  force. 

POSITION,  DESCRIPTION,  AND  CLIMATIC  CHARACTER  OF  STATION. 

The  astronomic  and  geodetic  station  known  as  *' Lafayette  Park"  is 
situated  in  the  northern  part  of  the  city  of  San  Francisco,  just  north 
of  the  intersection  of  Clay  and  Octavia  streets,  where  a  small  inclosure 
protects  the  temporary  observatories,  used  also  for  telegraphic  longitude 
work  and  as  a  pendulum  station  for  gravitation  work.  The  observatory 
is  a  painted  wooden  structure,  15  feet  long  east  and  west,  and  10  feet 
broad  north  and  south.  The  floor  is  3  feet  above  the  ground,  and  no 
part  of  the  structure  touches  the  piers.  The  one  upon  which  the  zenith 
telescope  was  mounted  lias  stood  many  years,  and  is  laid  up  in  brick 
and  cement  from  the  base  on  the  clay  to  the  sandstone  cap.  The  top  of 
the  pier  is  al)out  r>  feet  from  the  ground  and  about  .50  inches  above  the 
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observatory-  floor.  Tlie  i>ier  is  subject  to  beat  effects.  On  a  very  hot 
day,  witb  tbe  sun  shiuiujii:,  the  south  side  always  rises.  The  center  of 
the  latitude  instrumeut  was  54  feet  east  of  the  center  of  the  transit 
instrument  (as  used  for  the  determination  of  time  and  longitude).  The 
north  and  south  openings  in  the  roof  above  the  zenith  telescope  are  1 
foot  wide,  and  the  slides  were  usually  kept  lO*^  below  the  lowest  star, 
exceptin  winter  or  during  strong  winds.  A  shoii;  di8txin<.'e  east  and  west 
of  the  slides  there  aie  win<l  breaks  to ])rotect  the  levels.  The  telescope 
is  eccentric  to  the  vortical  axis  and  just  clears  eiicli  side  of  tlie  roof 
opening,  with  the  objective  about  2  feet  inside  the  baihling. 

The  geographical  i)()8ition*  is  referred  to  the  i)ier  supporting  the 
transit  instrument,  which  is  api>roximately  in  latitude  37^  47'  28"*3  and 
in  longitude  8^'  09'"  42-8%  or  122^  25'  42"  W.  of  Greenwicli.  The  top  of  the 
pier  8ui>porting  the'latitude  instrument  is  382'2  feet  above  the  datiuu 
plane  of  the  survey,  equivalent  to  379'3  feet  or  115'0'"  above  average 
sea  level.  The  climatic  conditions  at  this  station  are  very  adverse  to 
astronomical  observations.  Tlie  observer  states  in  the  preface  to  his 
record,  "The  situation  of  this  station,  almost  on  tin?  southern  shore  of 
the  Golden  (Jate  and  surrounded  bv  water  on  the  east  and  the  west — 
with  the  strong,  cold  (wean  winds  commingling  with  the  warm  or  hot 
air  of  the  day  and  the  comparatively  warm  air  of  the  night,  with  high 
and  low  fogs  forming  and  dissipating  through  the  nigiit,  and  variable 
winds  almost  alwavs  from  the  sea  or  with  the  warm  air  of  the  citv 
blowing  over  the  station  with  a  light  southerly  air — is  perhaps  the 
worst  that  can  be  imagined."  And  the  observer  remarks  further,  "There 
was  8<;arcely  a  night  when  the  stars  were  not  moving  slowly  or  quickly 
2"  above  or  2"  below  the  micrometer  thread,  and  frecpiently  5"  or  G"; 
sometimes  the  atmosphere  caused  them  to  ax)peiir  very  diffused  and 
nebulous." 


INSTRUMENTAL   OUTFIT   AND    METHOD  OF  OHSERVATION. 

Observations  for  time  were  miuh*  with  Transit  Instrument  ^o.  3,  made 
by  Simms  in  1848.  It  has  an  aperture  of  7"",  a  focal  length  of  11(5*^"', 
and  is  used  with  a  magnifying  power  of  110.  Transits  were  recorded 
over  the  5  lines  of  the  middle  tally  of  the  glass  n»ticule,  and  time  was 
noted  by  sidereal  chronometer  irutton,  Xo.  211,  in  i)art  by  means  of  a 


*F<>r  convciiieDco  of  reference  Ihe  a])proximuto  ]>o8iti()nH  (tp.  A)  of  the  other  lati- 
tude Btations,  as  weU  uh  of  Berlin.  Germany,  are  hcrre  appended : 


Waikiki,  near  ITonoluIiu  Hawaiian  Islands 
Rockville,  Md. 
Berlin,  Germany 


o       /  // 

21  1 6  24  4 
3905  10-5 
52  30  167 


w. 


/    // 


1031  20-I   or  157  $001  W. 


5  08  3S-5 
o  53  349 


77  09  37  W. 
13  2344  E. 
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chronograph,  but  later  by  the  eye  and  ear  method.  Vahie  of  one  divi- 
sion of  striding  level,  l^-Ol,  and  pivot  inequality  clamp  cud  0-08"  larger. 

Latitude  observations  were  made  by  Talcott's  method.  Zenith  Tele- 
scope No.  1  was  used  from  the  begiuning  of  the  series  to  December  3, 
1891,  when  it  was  replaced  by  Zenith  Telescope  No.  3,  which  instru- 
ment was  used  to  the  close  of  the  work. 

The  first-named  instrument  is  the  ohlest  on  the  Survey.  It  was  made 
by  Troughton  &  Simms  in  1847.  Its  principal  defect  is  a  lack  of  sta- 
bility; hence  demanding  great  caution  in  handling  it.  A  new  eyepiece 
micrometer  was  supplied  in  1879.  The  telescope  has  an  aperture  of 
3.25cm^  a  focal  length  of  117*'",  and  magnifying  power  used  about  53. 
From  May  to  July  28, 1891,  a  single  level  was  used.  It  is  a  chambered 
level,  graduated  from  tlie  middle  and  liaving  a  value  of  one  division 
equal  0"'92  for  that  part  of  the  scale  most  frequently  used  in  latitude 
work,  the  general  value  being  0"-99  (at  temperature  22o*8  C),  as 
derived  from  micromctric  measures;  length  of  one  division  =  1-2™"*  on 
ivory  S(!ale.  After  the  above  date  tNvo  new  levels  were  attached  to  the 
quadrant  of  the  instrument.  They  are  chambered  and  read  from  one 
end  of  the  scale — the  lower  level  from  00  to  100  divisions,  the  uiq)er 
one  from  0  to  50  divisions.  One  division  of  the  lower  level,  marked 
11,  l''-55  K  &  E,  was  found  to  be  l"-50  (at  temperature  250.5  C),  and 
one  division  of  the  upi)er  level,  marked  9, 1"'7  K  &  E,  1".73  (at  the 
same  temperature)  for  those  parts  of  the  scale  usually  observed  upon; 
length  of  one  division  =  2'»"»  for  both  levels.  The  value  of  the  microme- 
ter screw  has  been  determined  from  observations  on  close  circumpolar 
stars  near  the  eastern  and  western  elongations.  They  embrace  the 
following  series: 


i    No. 

Date. 

Miir. 

I»h»sc. 

Range  of 
screw  turns. 

Subdi- 
visions 
of  a 
turn. 

Resulting 

value  of  one 

turn. 

Weipht 
(relative). 

1S9I. 

• 

// 

I 

May   28 

A  Irs.  Mill. 

K.  Kl«»nj;. 

7  to  27 

47-544 

49 

2 

31 

i( 

it 

1  10        30 

•568 

42 

3 

June     I 

«i 

( t 

12        30 

•505 

30 

4 

3 

ti 

(« 

:    8        30 

•546 

49 

^  _ 

5 

«< 

i( 

9        13 

[I  069] 

0 

5 

12 

t( 

*  • 

16        252 

•619 

23 

6 

Auj;.     5 

a  l-rs.  Min. 

1*'.  Klun*;. 

5        36 

* 

•62s 

63 

7 

6 

t< 

( t 

4        36 

•590 

65 

8 

7 

4( 

1 1 

45     37 

•590 

6S 

9 

Nov.  24 

X  Urs.  Min. 

W.  IClony. 

33          7 

•632 

53 

10 

25 

t( 

4( 

33          7 

•679 

50 

II 

27 

t( 

4( 

33          6 

•608 

52 

12 

Dec.     I 

ii 

t  » 

33          7 

•605 

51 

The  weighted  mean  value  from  the  12  series  is  1  revolution  or  turn 
of  KM)  divisions=47"-596i0"-(K)8.  The  relative  weights  depend  on 
the  number  of  individual  observations  in  each  series,  and  the  parts  of 
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the  screw  have  been  compared  with  the  adopted  value  47"-60,  furnish- 
ing the  following  corrections  to  the  screw  readings  on  account  of  pro- 
gressive irregularity  in  the  value  of  one  turn : 

Correcticna  to  micrometer  readings  for  iuequaWy  in  vaiuea  of  tume, 

I 

I 

I  Ketiding.        (!orr.  Reading;.        KcadiiiR.       "C'lrr.  Kending:. 


791 

806 

•22 

'37 
•52 

•68 

•85 
9*02 

•17 

•35 

•53 
•72 

•91 

lOIO 

.30 
SO 

71 


:  2-6 
2-5 
24 

2*3 

2*2 

2-1 
2-0 
1-9 

1-8 

17 

1-6 

'•5 
1-4 
"•3 

1-2 

l-I 

10 

409 


35-29 

34  93 

•57 
34-21 

33-86 

•53 
33-18 
32-82 

•50 
3214 

31-79 

•46 

3111 

3075 

•39 
30-04 

29-68 


IO-93 
ii-i6 

-38 
•62 

■87 

12-14 

-42 

-70 

13-00 

•68 

14-06 

■48 

-95 
15-46 

16-09 
•94 


// 
409 
08 
0-7 
0-6 
0-5 
0-4 

03 
0-2 

0"I 

o 
o-i 

0*2 

03 
0-4 

0-5 

0-6 

0-7 

— 0-8 


2932 
28-96 

-59 
28-20 

27-81 

-41 
27-00 
26-59 
26-16 
25-70 
25-24 

24-74 
24-19 
23-61 
22-94 
22-19 

21-22 


A  further  correction  for  periodic*  inequality  in  a  turn  was  apx)lied,  viz : 


?5"^.'[1^J:i^  I      t'orr'n. 


screw  head. 


Readinpf  of 
screw  head. 


528 
464 
40-1 
32-1 
21-8 

1 1 -6 
o-o 


tf 

4-0'3 
0-2 

o-i 

0-0 

— O-I 

— 0-2 

-03 


71-8 
769 
80-9 

849 
89-4 

95 -9 
100 -o 


The  sidereal  focus  of  the  telescope  was  tested  before  each  series. 
Changes  of  temperature  do  not  appear  to  have  any  sensible  effect  upon 
the  screw  value.  Trials  were  also  made  for  testing  the  regularity  of 
the  screw  without  resort  to  star  observations.  The  method  is  to  remove 
the  micrometer  and  fit  it  to  the  stage  of  a  microscope;  turn  the  micro- 
scope tube  horizontal;  fix  a  ground-glass  scale,  say  of  millimetres,  at 
such  distance  from  tlie  ocular  that  one  revolution  of  the  screw  shall  cover 
just  20""".  The  illumination  is  by  lamplight,  and  the  space  between  the 
ocular  and  the  scale  is  covered  with  black  velvet.  After  adjusting  the 
lines  of  the  scale  and  the  micrometer  thread,  tlie  observer  moves  the 
scale  horizontally  until  a  certain  space  is  tilled  with  the  thread  when  the 
micrometer  is  reading  zero.    The  micrometer  head  is  then  turned  until 
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the  thread  fills  the  next  space,  when  the  micrometer  is  again  read.  The 
process  is  continued  to  get  a  number  of  such  sets.  Satisfactory  results 
were  obtained  in  this  manner.  For  extra  meridional  observations  the 
diaphragm  of  Telescope  No.  1  was  provided  with  5  vertical  lines,  with 
intervals  from  the  middle  line  of  32-(>«,  16-1»,  ()-0»,  16-6«,  and  33-1%  respec- 
tively. 

From  and  after  December  13,  1891,  Zenith  Telescope  No.  3  took  the 
place  of  No.  1  for  the  latitude  work.  No.  3  is  by  the  same  makers  and 
dates  from  1848.  It  was,  however,  remodeled  in  1891.  It  is  of  the  same 
pattern  as  the  instrument  used  at  Eockville,  Md.,  and  shown  on  plate 
No.  2,  in  Appendix  No.  1,  Koport  for  1892.  The  improvements  made  con- 
sist of:  New  objective,  by  Brashear ;  new  diagonal  eyepiece  and  straight 
eyepieces,  by  Kahler;  two  new  levels;  a  new  stride  level;  entirely  new 
micrometer  with  horizontal  and  vertical  parallactic  motions;  new  and 
larger  axis  of  telescope,  with  adjustment;  new  and  heavier  base  and 
vertical* axis;  new  wyes  for  support  of  tele8coi)e;  improved  clamp  for 
telescope,  and  some  minor  repairs.  The  instrument  is  thus  practically 
new.  Aperture  of  telescope,  7*6*^™;  focal  length,  116'6«™;  magnifying 
power  used,  about  100.  The  observer  remarks :  "  Stars  which  the  objec- 
tive of  No.  1  would  not  reach  are  readily  observed  with  the  new  objec- 
tive, and  seventh  magnitude  stars  can  now  be  observed  with  greater 
satisfaction  than  sixth  magnitude  stars  with  No.  1.  The  double  star  B. 
A.  C.  2300  is  separated  clean  and  distinctly  and  is  easy  to  observe."  The 
values  of  the  divisions  of  the  chambered  levels  were  as  follows:  Level 
mounted  in  upi>er  case  marked  4,  l"-8,  K  &  E,  and  numbered  from  0  to 
60,  with  2°*"'  divisions — one  division  equals  l"'80o;  level  in  lower  case 
marked  5, 1"'8  K  &  E,  and  numbered  from  70  to  130,  with  2'"'"  divisions — 
one  division  equals  1"'807  (temperature  about  17^  C),  as  tested  Octo- 
ber 15  and  16, 1891.  A  long  series  of  observations  were  made  on  close 
circumpolar  stai's  to  establish  the  value  of  the  micrometer  screw,  as  well 
as  its  irregularities.  For  determining  the  horizontality  of  the  microm- 
eter thread  the  instrument  was  collimated  with  a  Fraunhofer  telescope. 
A  bright,  star-like  object  was  selected  on  the  eyepiece  of  the  collimator 
on  which  to  test  the  motion  of  the  screw,  the  same  as  had  been  done 
with  the  first  or  older  instrument.  No  less  than  4  443  observations  were 
recorded  for  value  of  micrometer,*  and  it  became  necessary  to  make  a 
selection  of  the  series,  omitting  from  computation  the  more  or  less 
broken  and  iini)erfect  series,  thus  retaining  15  of  the  total  number  31. 


*lncreading  nnniberH  of  micrometer  correspond  to  decreasing  zenith  distances. 
Micrometer  and  levels  were  read  by  electric  light, 

S.  Ex.  19,  pt.  2 ^29 
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The  following  table  exliibits  the  results: 


No. 

Date. 

SUr. 

Phase. 

Range  of 
screw  turns. 

Subdi- 
visions 
of  a 
turn. 

Resulting: 

value  of  one 

turn. 

Weight 
(relative). 

1892. 

"■ 

// 

I 

Feb.      8 

a  Urs.  Min. 

\V.  Elong. 

51035 

47-668 

61 

2 

9 

l^radley  1672 

E.       •* 

35         9i 

•557 

50 

3 

9 

a  Urs.  Min. 

W.     *' 

5       35 

•633 

76 

4 

10 

Bradley  1672 

E.       - 

35        9i 

•659 

49 

5 

10 

<r  Urs.  Min. 

W.     - 

5      35 

•671 

73 

6 

May     4 

A  Urs.  Min. 

E.       - 

35        4 

•624 

75 

7 

•         6 

6  Urs.  Min. 

E.       '* 

35        5 

•656 

31 

8 

6 

X  Urs.  Min. 

E.      - 

35        5 

•620 

76 

9 

7 

5  Urs.  Min. 

E.      •' 

35        5 

•648 

31 

xo 

7 

A  Urs.  Min. 

E.      '* 

35        5 

•621 

76 

II 

Sept.     5 

rr  Urs.  Min. 

E.      -      • 

W.    •* 

36        4 

1  « 

•638 

81 

12 

5 

A  Urs.  Min. 

4      36 

•647 

81 

13 

6 

A  Urs.  Min. 

W.     - 

4      36 

Tf 

■642 

81 

14 

17 

ix  Urs.  Min. 

E.      - 

36        4 

•617    • 

81 

15 

21 

A  Urs.  Min. 

W.     '• 

4      36 

•644 

81 

The  weighted  mean  value  of  one  turn  is  47'''636  i  C'-OOS.  The  dis- 
cussion of  the  results  for  inequality  of  screw  showed  that  it  was  nearly 
perfect.  The  small  corrections  for  inequality  in  values  of  one  turn  are 
as  follows,  and  correspond  to  an  adopted  value,  47"*60: 


Readiofj^.       (.\)rr. 


Reading. 


I 


289 
3*21 

3  54 


,/ 
-f-20 
19 
1-8 

17 

1-6 

'•5 
14 
1*3 

1-2 
I'l 

10 
09 
08 

+07 


Reading.        Corr. 


Reading. 


35-86 
3510 

34-37 
33-67 
32-99 
3232 
31 -66 
31-02 
30-38 

29-74 
29*11 

2848 
27-84 


389 
425 
463 

5-04 
546 

5*91 
6  40 

6-93 

7-51 
816 

890 

9-78 
10-99 


f-0-7 
0-6 
0-5 
04 
03 

0-2 
OI 

o-o 

— O'l 
0-2 

0-3 
04 

05 

— 0-6 


27-21 
26-57 
25-91 

25-24 
24-56 
2386 
2313 
22  36 
21-55 
20-67 
19-70 
18-58 
17-09 


The  correction  for  periodic  inecjuality  in  one  turn,  or  for  eccentricity 
of  screw  head,  is  as  below : 


Reading  of  licad.  I        Corr. 


Reading  of  head. 


22-7 

33 

2 

15-3 

38' 

9 

0-0 

43 

6 

48- 

I 

d 

-}-0-2 

-fo-i 

o-o 

—  o-i 


\"> 


75-5    92-8 

70-3    loo-o 

65-1 
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The  changes  of  tcmperatare  do  not  appear  to  have  any  sensible  effect 
upon  the  value  of  the  screw.  For  extra-meridional  observations  there 
were  five  vertical  lines  on  the  reticule  at  the  respective  distances  of 
IS'd^j  9-4:",  0-0%  and  9*5»,  the  last  line  being  missing.  During  the  obser- 
vations for  latitude  the  condition  of  tlie  atmosphere  as  to  pressure, 
temperature,  moisture,  wind,  and  general  aspect  was  noted.  For  record- 
ing the  time  of  observation  either  sidereal  chronometer  Hutton,  No.  211 
or  break-circuit  (sid.)  chronometer  Frodsham,  No.  3479  was  employed. 

liespecting  the  method  of  observing,  the  record  c<mtains  the  follow- 
ing statements:  ^^  The  meridian  of  the  instrument  was  determined  each 
night  before  the  latitude  observations  by  an  observation  of  a  circum- 
polar  star  to  fix  the  east  stop  for  the  north  meridian,  and  by  an  obser- 
vation of  a  low  south  star  to  fix  the  west  stop  for  the  south  meridian. 
During  the  series  of  observations  care  was  taken  in  reversing  the  instru- 
ment to  come  up  to  the  stops  without  jar."  Owing  to  want  of  horizon- 
tality  of  the  micrometer  thread  when  making  extra-meridian  pointings,* 
the  observer  remarks:  *'I  therefore  projwse  that  all  the  earlier  extra- 
meridional  observations  be  rejected."  The  levels  were  read  about  one 
and  one-fourth -minute  before  the  x>assage  of  the  star,  the  pillar  and  tel- 
escope having  been  slightly  tapped  with  a  wand  to  remove  any  possible 
strain,  and  they  were  read  again  immediately  after  the  transit.  The 
observer's  judgment  is  that  the  level  readings  before  the  star  observa- 
tions should  be  disregarded.  Earthquake  shocks  were  exj)erienced  on 
June  20, 1891,  on  October  11, 1891,  and  on  April  18, 1892,  without  any 
apparent  local  effect  on  the  direction  of  the  vertical.  The  following  is 
an  extract  from  the  record :  **  I  determined  to  observe  on  every  clear 
night  two  consecutive  groups  of  three  hours  each ;  to  observe  in  each 
group  as  many  pairs  as  practicable,  having  reasonable  regard  to  the 
authorities  and  the  amount  and  sign  of  the  difference  of  zenith  distances 
in  each  pair.  In  selecting  ]>airs  where  the  proper  motion  was  deter- 
mined I  was  restricted  to  the  magnitude  of  stars  not  smaller  than 
six  and  one-half.  I  paid  no  regard  to  the  (absolute)  zenith  distances 
of  the  pairs,  and  have  gone  as  far  as  zenith  distance  46^  38'  when  there 
was  an  unfilled  interval.  I  have  taken  some  pairs  of  doubtftil  value, 
both  as  to  authorities  and  large  range  of  micrometer  or  shortness  of 
interval.  These  may  be  eliminated  if  their  weakness  is  shown  to  be  det- 
rimental to  satisfactory  results.  ♦  ♦  *  The  dift'erence  of  zenith  dis- 
tance of  the  two  stars  in  a  pair  rarely  exceeded  16',  and  was  then  only 
adopted  when  no  other  combination  could  be  utilized.  »  ♦  ♦  i  ^as 
hampered  in  the  selection  of  pairs  because  I  had  but  few  catalogues  to 
collate  from." 

The  observations  for  time  were  made  by  F.  W.  Edmonds  and  Sub- 
assistant  F.  Morse.  The  earlier  observations  were  recorded  on  the 
chronograph;  after  that  by  the  eye  and  ear.    TheJatitudeobservations 


*  Such  poiutiugs  were  intrcnluced  by  the  observer  prior  to  tlie  year  1880,  and  had 
otherwise  been  considoi-ed  prior  to  li<(>6.     (Keport  for  1866,  p.  75. ) 
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proper  were  all  made  by  Assistant  G.  Davidson,  aided,  when  observ  ing 
for  vahie  of  micrometer,  by  T.  J).  Davidson  or  by  G.  J.  Kammerer,  wLo 
read  tlie  levels,  and  by  F.  W.  Edmonds,  who  noted  the  times  and  made 
the  record.  The  series  extends  over  fifteen  mouths  with  but  one  notice- 
able break  of  forty  days,  in  Jnne  and  »luly,  1892,  when  the  observer 
was  absent  on  other  ofl&cial  duty. 

The  total  number  of  individual  latitude  determinations  is  6  768,  the 
total  number  of  nights  of  observation  2.'i7,  and  the  average  number  of 
pairs  of  stars  (doublets,  triplets,  and  other  combinations  included)  28^. 
The  whole  star  work  is  arranged  in  8  groups,  of  which  3  were  reob- 
served  after  the  expiration  of  the  year.  The  date  of  the  first  observa- 
tion is  May  27, 1891,  and  that  of  the  last  August  19,  1892,  There  is, 
by  the  same  observer  (same  pla<*e,  same  instrument,  !No.  1,  same  i)airs 
of  stars),  a  prior  series  of  observations,  in  January  and  February,  1888, 
as  well  as  a  later  one,  commencing  with  November,  1893,  and  extending 
to  the  present  year.  These  series  will  be  taken  up  and  the  results  com- 
municated at  some  future  time. 

THE   REDUCTION   (>F   THE   0BSEIIVAT10N8  FOR  LATITUDE. 

The  labor  connected  with  the  computation  from  a  record  of  52  octavo 
books,  and  involving  no  less  than  G  768  individual  results  for  latitude, 
was  distributed  among  several  computers,  viz :  The  determination  of  the 
mean  places  of  stars,  303  in  number,  and  the  computation  and  discussion 
(with  table  of  corrections  for  inequality)  of  the  28  series  for  value  of 
micrometers  were  assigned  to  H.  Farquharj  the  computation  of  the 
apparent  i)laces  of  stars  and  the  applicati<m  of  the  several  corrections 
for  micrometer  measures  and  for  level  and  refraction  were  intrusted  to 
L.  Pike;  and  the  general  revision  of  these  results,  together  with  the 
reduction  to  the  meridian  and  final  checking,  was  placed  in  the  hands 
of  H.  F.  Flynn,  all  members  of  the  computing  division.  Further  occa- 
sional assistiince  was  had  by  the  temporary  assignment  of  4  computers 
for  short  times.  The  combination  and  discussion  of  the  results  are  due 
to  the  writer.  The  whole  work  was  ac(5om])lished  substantially  between 
May  1, 1893,  and  May  31,  1894. 

THE  MEAN  ri.ACES   OF   STARS. 

In  making  out  the  mean  places  of  stars  all  available  star  catalogues 
were  consulted,  as  Avill  be  seen  from  the  a])pended  but  condensed  form 
of  presentation  given  to  it  by  Mr.  n.  Farquhar,  the  high  quality,  as  to 
accuracy,  of  whose  results  may  be  seen  in  the  probable  errors  assigned 
to  them,  and  better  in  the  small  redu(jtions  to  the  groui)  means  of  the 
results  of  the  individual  pairs  forming  the  groups. 
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Veaignations  of  authorities  used. 


'  '  i 
^hon"*"           Observatory 

Ejioch. 

1 

Conductor  of 
observations. 

Kflitor,  vtc. 

«•    — :  Armagh 

1834-54 

Robinson 

aii                   " 

59.82 

II 

1 

1  )rcyer. 

d           Berlin. 

76-78 

Becker                       i 

<:«▼      -r  Ca])C  of  ( Jood  I  Tope 

34-40 

Maclear 

Stone. 

.y                                  It                     il                   It 

49-52 

ft 

(;ill. 

^vii                  It             <t            i* 

71-79 

Stone 

d     —  Bonn 

45-67 

Argclander 

e\     —  Kdinburgh 

34-44 

Henderson 

.Smyth. 

ei\                  " 

54-69 

Smyth 

/v    .  r:  Paris 

37-53 

Arago 

Mouchez. 

/vi                *< 

54-69 

Le  Verrier 

It 

4s\\                t» 

70-81 

De  I^unay 

It 

;rv     .-  Greenwich 

36-47 

Airy 

i2r 

r* 

48-53 

II 

6/ 

^^ii 

54-60 

li 

-jy 

^.^^x 

61-67 

14 

If 

^iic 

68-76 

II 

9>' 

A'^« 

77-86 

Christie 

\oy 

//i      -  Harvard 

70-79 

Rogers 

Pickering. 

//»               ** 

83-85 

<f 

It 

1      —  Madras 

5o± 

Jacob 

Smyth. 

>6     ^  Glasgow 

60-81 

Grant 

/      -.-.1  Leiden 

64-70 

Kai.ser 

ni    r=  Melbourne 

63-70 

Ellery 

//       -  Redhill 

54-56 

Carrington 

0^        -  Radcliffe 

40-54 

Johnson 

Main. 

fjti                   *♦ 

54-61 

II 

II 

t>i>i                    «« 

62-I- 

Main 

/'      -  -  I'ulkowa 

42-49 

Struve 

Ver.  Circ. 

/»                 *» 

40-69 

It 

Merid.  Circ. 

y>ir                       <i 

63-75 

( iyld6n,  Nyren 

Auwers  (Hauptst.) 

r 

69-74 

*'      (Zusat/st.) 

^vl                        ti 

74-80 

Romberg 

^      —  Brussels 

56-78 

Quetelet 

Folic. 

r       ^  Rome  (Capit.) 

75-77 

Respighi 

s      -.—  Ann  Arbor 

79± 

Schaeberle 

MS. 

/      —  Madison 

85 

Holdcn 

MS. 

;/      -■:  Cordoba 

72-83 

Gould 

• 

i'     7-=  Leipzig 

66-70 

Engelmann 

Auwers,  Safford. 

Tt'     --  Washington 

1         45-77 

Yamall,  Frisby. 

Hamburg 

•          36-f 

RUmkt'r 

Konigsberg 

1       25  _4- 

1 

Bessel 

Wdsse. 

(Last  two  are  only  quoted  for  a  very  few  BtarH  fi>r  which  othiT  authorities  are 
lacking.) 

henignationM  of  tttarn. 
[N(^H]ieciul  deHiguutiuii       H.  A.C  ] 


F 

G 
L 

CEn 


Observutorv 


Paris 

Blackheath 

Paris 

Argelander^s  northern  zones 


Epoch  of 
I       (at. 


1790 
1810 

1800 


Observer. 


l^lande 

(Jroombridge 

Lalande 


Kdltor. 


j  Fedorenkf). 
Airy. 
Baily. 
CEltzen. 
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'a' III  the  table,  autlioritieH  are  iiot  included  wbeu  the  obBervations 
are  earliei' than  1S34.  No  weight  is  gives  to  any  such  authorities  when 
the  proper  mot  iou  iMtletivedfromAiiwurs's  Dnulli'y.  Wlieii  the  proiwr 
motion  haa  to  be  calculated  or  Aawers's  value  corrected),  earlier  author- 
ities Am  used,  tlumgU  not  liore  (jnoted. 

A  few  later  authoviticH  used  by  Auwers  and  Safford  are  onutt«d, 
becaaae  omitted  on  the  Hheetfi.  Auwera's  atars  are  those  nuder  p'*  and 
j>*.  Most  of  the  p'"  Htars  are^'  also;  a  considerable  number  of  them 
^so  land  v. 


N-,.,^..r., 

«« 

... 

/).  .»,>-=. 

.' 

„y,i.^T.....k.n..i..MMini/.".i'.'ij„. 

4696 

*i 

06 

ii'oo 

002 

—0-019 

oV^"^"*b"/"S 

47*4 

79 

»3 

093' 

-05 

+0-167 

g^%tmu.>^ 

4783 

5' 

06 

S076 

■21 

+0-003 

-"'V'*'^'*' 

4797 

53 

18 

55*8 

+0-01 

aVi11^^..i,rii,  Yl[l.u..^>,Li^„,oiy  11  ,!•.  •  i^r7<i 

4S08 

59 

08 

59-84 

■02 

-OIll 

a'Afl^.'iM.il/U-.,Hy^ 

4843 

45 

07 

29  ss 

□2 

J  0034 

flMf.-flUlyru, 

4863 

5* 

46 

45-*7 

-22 

+0-06 

A-g^ii^/^^^ 

4897 

5' 

44 

11 '88 

-04 

— 0-II2 

alay^,iDiJi_^II.T.y™ 

4937 

39 

55 

3215 

■03 

+0-217 

fll^^J.j.^.l(™, 

4953 

64 

33 

3894 

■03 

+o-o6o 

„'flgt:>.^il^li 

5022 

5 

37 

39-90 

-03 

-0-019 

,l.,n!^,u^,«..il.«ii,iV«Aiim»'.iyM.,.y™. 

S034 

98 

58 

49  43 

■02 

+0-030 

ai^^  H"U"i,..,.Ai."o^"/»"  ■-.'V-w 

5097 

30 

39 

0717 

-01 

-  0013 

air"'i/" 

51^0 

73 

ii 

26-43 

-12 

1  0-007 

g'**/*!. 

/■•  1677 

20 

21 

53 -jg 

-10 

0-04 

„,1^ 

/.18716 

84 

12 

37-0* 

-oS 

000 

oi,Vi^"*/".'V«i' 

5^46 

92 

45 

36-66 

-04 

-t  0-035 

ay^.T^«,..iu.i,,.Ji.lio.^i.  T]^ 

5^85 

11 

52 

.360 

■02 

o-ooo 

^^^.Tl.,.^41.U„l.l,j^,l,.,yr 

5348 

31 

08 

367. 

-02 

-c-WS 

i^^,.l,./«^ 

S392 

73 

03 

07'*7 

-04 

+0-011 

^^,«l.l.,l.,-^^l,. 

5459 

29 

58 

50-36  1   -04 

—0-019 

<,M% 

5504 

74 

24 

22-7.  I   -28 

0-00 

„l!,ll^,.iU,'^r 

SS30 

67 

34 

12-68  1   -20 

40-045 

^^,l=l../a]^.lr 

5574 

36 

5S 

50-85  1  -03 

— 0-OI4 

"1.  i-,i.,.„i/^  r 

S575 

36 

s'l:: 

«l*3-30  [  -"4 

—0-024 

«y^^,.UAyiya, 

5691 

79 

39 

17-50 

-04 

■  0-048 

^jfT,yU,lfc»^.liJl,.(u 

5740 

M 

4' 

S5*8 

■03 

0047 

-■v^/" 

/,  31117 

55 

03 

2787 

■07 

+0014 

*'j-<Aii>/>U,-W<' 

S790 

49 

28-87 

-03 

-I-0035 

^y,«(Uij,,«,«i.v,u,i.,.ii.ii^„„My.i>..i^ 

58*. 

75 

29 

0638 

-0-022 

fli^-.V/'i.- 

a  2432 

29 

10 

11-30 

■03 

-0045 

fli^^...^/i 

''  2433 

29 

12 

49-24 

■04 

--0014 

«wj'..4^yv™' 

5883 

66 

56 

17-01 

-03 

-1  0-048 

j,y^,Tl.rt.TlH.ta..ilJlipLU^I.,'l^n<' 

5937 

37 

37 

04-18 

■02 

—0001 

Bi^-i^/lp. 

5988 

65 

25 

57-15 

■04 

—0-042 
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M„ 

.......v.. 

,* 

-' 

ai^iu,l*.i.^yi.y|^r 

S999 

65 

^ 

5053 

.-.3 

+0-II8 

oVr-V'"/"-'-'?™ 

6oS2 

39 

II 

3S»4 

-oa 

-0-198 

„yjr..^,«l,l».>/"''ira. 

O087 

59 

48 

05-32 

-OS 

-fo-007 

r>f.«i/li^ 

<;  2494 

44 

3' 

03-05 

-12 

-0-023 

A-'^/V- 

6109 

44 

29 

37-14 

-05 

+0-058 

^^i1/U. 

i  3329' 

57 

46 

4384 

■OS 

+0-028 

<,ir-y/"r 

.    6162 

46 

33 

0669 

-04 

+0-062 

^^/■' 

i  335^' 

56 

34 

45-45 

■08 

o-oo 

ay^m.i...^i,'^^i.T,rt, 

6»3 

47 

52 

39-70 

-02 

+0-O08 

^^^..ll.L.../i™. 

623s 

S3 

59 

04-06 

-OS 

— o-oao 

„y^j...^^,^ 

6z68 

50 

33 

07-26 

-03 

+0-005 

.iyi-'.'|»'^':*/V' 

6322 

66 

27 

S0-71 

-03 

-0-007 

„.H^,...i^,u.,/„ 

6341 

66 

28 

5629 

-03 

fo-ooi 

ayjt«../^/i?™ 

6372 

37 

54 

23-59 

-03 

— 0-012 

ai^^.w,<Ajii/il^ 

6397 

7' 

56 

21-92 

-04 

—0-106 

*"-»'/"' 

/-  35333 

7* 

01 

50-77 

■OS 

+0-18 

"'A-"--*'"'/''!"-' 

649-1 

32 

19 

46-48 

-03 

+  0-064 

^frtl^l(^,rl,ni..lll.iit.^l,il^„^,l,^i.,l.,vl,^,,., 

6528 

76 

»7 

53-72 

-l-o-ioS 

^.,y^ 

6SSS 

zS 

04 

1016 

-09 

+0^005 

6579 

40 

20 

5838 

-0-626 

/.  36249 

40 

20 

5O-S6 

-03 

-0-626 

fo"/- 

6603 

40 

07 

16-21 

■19 

^-o-ois 

<RUinker) 

/.3648s 

40 

39- 

8-0 

^^M\iA^^kf>'r 

«37 

63 

56 

47-57 

0-03 

+0-025 

ai^y,.tftrtil..^l.ilj„i,,i^i..,.ij„„ 

C734 

40 

52-26 

-01 

0-245 

"Vj"^"-'*/"-- 

67S8 

64 

29 

19-25 

■03 

-0-014 

«l^^^.Mlfl^/Bw 

6814 

37 

17 

18-56 

-03 

+0-078 

^^^U..x^^^ 

6S66 

67 

4227 

-0-007 

d"  (Rflmkct) 

i 38237 

70 

'7 

44-53 

■90 

+0-02 

fll^^,.ili..ft^^i^ 

6901 

70 

19 

IS -81 

■OS 

— o-oSi 

r^W^'ijr 

6924 

33 

58 

2S-64 

■04 

—0-080 

^l^y.lll,lt<^^L,^r 

6957 

61 

38 

0721 

■04 

+0-04S 

«'''#"""/.''/"'-' 

6983 

42 

37 

1412 

■03 

+0-013 

i-/,',,'/". 

0  3151 

44 

ii 

'8-53 

■OS 

-0-030 

„I.IV^,.11,U  >^1^1V/;,. 

7067 

59 

59 

42-05 

■03 

+0015 

.,l^..,,,U.,...^„l,y,,.,^,,. 

7146 

74 

32 

40-II 

■06 

+0-019 

,r«y^,.i..u..iii.i,,.^i^,ji^M.i...y,, 

7'49 

74 

28 

20-15 

■oz 

+o-or5 

.,i(*««'/u?r 

7176 

29 

53 

1960 

■04 

—0-182 

""^/""-t^'/"'""" 

7194 

59 

40 

41-07 

■06 

— 0'020 

yWr7i. 

7119 

44 

49 

'3-54 

■'4 

+0-012 

fll^^iy^i,.!,. 

7306 

44 

16 

19-90 

■06 

+0-O0I 

"'^'■-^/V 

/,  41026* 

60 

14 

04-98 

-02 

+0-026 

ai^lV-lig-.<l>'ll..iu.i..iAlll^„,Bi.UyMi.i..rt^„-, 

7368 

60 

'3 

'Ol 

+O-068 

„V^iiiiAyi.Ti„,, 

7402 

46 

30 

45-75 

■OS 

+0-020 

flVA'/"^ 

/.  41554 

57 

5' 

00-So 

-05 

,^^^.^j^^„.. 

7437 

<<(, 

38-67 

-04 

-0-003 
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N.,.a.,(.f., 

>,..,. vv 

«..Sgio.        e' 

'■ 

g^mqr 

748S 

iS    17 

■a,. 

-0072 

^^ 

7508 

'9   3y 

31-52 

14 

+0-008 

"'^''r'^-^/np" 

75aJ 

*4    43 

11-82 

05 

-0018 

"'■"^r"W 

7S47 

84  48 

S«'95  1 

■08 

1  0-018 

al^^/L 

/.4Z''"7 

70  41 

C4-48I 

07 

+0-010 

^i^<l,gV>..i,.«V,..iU.l,„^Y"-'W"- 

7617 

64     35 

>S-4'>  1 

02 

+O'of4 

a'^^S'V/^p 

/.  42690 

70     JO 

44'i6  ' 

04 

+□■005 

ay^,rU..Ay^ir,.. 

T64J 

33     54 

17  70 

01 

+0-009 

^y-^V^ 

767S 

10     12 

37 'ai 

09 

—0-0 II 

fll.'<|f-iii*^/l'4,« 

7720 

94     .5 

41 'SI 

" 

+0-063 

<i^"V^"'''*/"-V'* 

7788 

S4     45 

ig-to  : 

04 

+0-018 

^^^1^, 

f  4.5. 

19     47 

0412  ■ 

06 

+0-004 

'^^"■"■'^"yv 

7843 

57    59 

af,■■6^  1 

oz 

+0-023 

oJ^j.U.riu,L..,^.yij,r 

7906 

46     "7 

34-Q4 

01 

^-o-oo6 

»ir"-''*^/"*- 

7961 

,U    40 

3"  "3  1 

05 

-0-OJ4 

^^lH.L...^(^l..lj 

7997 

69    48 

56 -oS 

03 

-0-047 

ay^l.rtU,UL-oiy,^ 

8039 

23     =2 

42-09  ' 

02 

-0-010 

rf^^^-Al^i 

805. 

81     10 

45 '55  ' 

04 

+0-027 

^•w»-y^ 

S077 

33     zo 

58  oH 

12 

—0-034 

Mg^^-'i/^'^™ 

8097 

61      ta 

47-01 

04 

+0-016 

ay^iV/'r 

8125 

41    ss 

2170 

07 

-0-038 

„V^i.^,, 

H211 

57     06 

20-22  , 

08 

-0-031 

Jj-..i.rt.-Hi,l<^4lloMll.l'..i™. 

Sl^g 

47    ^ 

07-64  i 

+0-016 

,v*^ 

7,46607 

33    09 

U-73  1 

14 

+0-05 

al^jflu.uy.^i,u^..rty 

K299 

71     29 

06-47  1 

oa 

+  0-054 

^,V^,.«I,MW/".',.H„,. 

S310 

33     06 

25 -S. 

02 

+0-013 

J-^y 

7.47167 

73     03 

10-99  1 

oS 

10-03 

^i4^^..l.te.y^..l^, 

8364 

3^    04 

2934 

03 

-0031 

^1^^.^.!^, 

837^ 

3^     10 

15-87 

□6 

^■033 

"Mr^-^/"? 

■■* 

72      Ij 

38-40  1 

04 

rO-035 

ffl^yV1,Tll^U>,»^lyl.^yii..ly,-,. 

S  = 

5'     55 

34-92 

02 

+  0-020 

^y/Mj«ll.li.,«//U-'Vw 

67 

5^     38 

06-84 

02 

+0-0J8 

al^_/v^.i...>i..l^ 

105 

'3     34 

55-99  ' 

■  0-039 

alc-.riy/V-VU«iyHU.I.^^^,raF 

'47 

yl      06 

16-42 

"5 

+  0-061 

ni^_/»iij^(ioil^i™ 

170 

69     09 

34 -(*3  j 

05 

+0-037 

-!/"^*«>JA- 

201 

35     =2 

31-04  1 

04 

+o-oia 

jMi'/'^'lf'-'t*^'"'"'''^'"'-"/^' ''  'V'""' 

=18 

32    45 

44-30    : 

03 

ro-4SJ 

ayyv,vi^.rtii.(.,.^>iyLv,j, 

2i7 

71     n 

io'54  1 

"3 

j  0-019 

/v«5VA 

U      205 

45     53 

27 '27 

04 

fo-036 

„,^_/v..,.,iy.,.ii^l,. 

2Ss 

5S    46 

52'39 

02 

'  0-034 

^yv,-U^.^^ 

3JI 

58     34 

T0-S8 

04 

+0-047 

-Vj^/"r 

34S 

59    on 

t8-46 

11 

+0-00S 

ay^,l^ll.vUll^.^_^..l^„ 

404 

45     oz 

3386 

03 

■(-0-012 

flV/V'^'"'/"'- 

456 

3'     '9 

39  54 

03 

+0-026 

^yy,,L.^u.,LW'/'^ 

477' 

73    07 

■  1779 

_1 

— 0-022 
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No.J./(.C., 

Ma 

aX.P 

0.189.-0. 

^ 

!•■• 

^/.H^rtU,i^.^.,.^, 

500 

74 

08 

5083 

0-03 

+0-02I 

Myi-M-^'f^r 

5'S 

29 

59 

5S50 

-01 

+0-M7 

MY..u^ 

588 

*s 

S4 

33  45 

-OS 

+0-028 

•■■•''/■•"/■•■**ir" 

609 

78 

14 

03-01 

-04 

+0-036 

^l^yv-Ym.Lc.Miy'jr 

644 

67 

S' 

I8-.S 

■03 

+0-056 

■,V>'/" 

6S3 

36 

40 

2064 

-04 

+0-055 

"\>.».,i,l... 

No.fl.^.C. 

^twiNJ'.D.,^o 

1* 

f' 

„VyVl^li.T]U.l.il^.II^I..,,i^,. 

673 

39 

36 

:u. 

0-02 

+0-177 

fli/V.«..llj,.ill^l^i^„ 

691 

64 

43 

0694 

■07 

+0070 

al.U^/...t^.Yl].rlll.«.x^.li/li(.-  ..i  ^ 

707 

70 

35 

SS-44 

■03 

+0-002 

-i^'^'^/'V 

733 

33 

sa 

49-61 

■07 

—0005 

y>.i.ii^tflr 

761 

SI 

10 

41-83 

-«5 

+0-0ZO 

a^g-^gw 

L   4752 

53 

09 

39*3 

-07 

+0-033 

alAJ^,rt'ilf..»*^.l^r 

813 

63 

a4 

11-67 

-03 

+0-043 

ai,ii^^.rt,i.^AUioi.yu.,.i^^ 

817 

4" 

»3 

43-65 

-02 

+0-097 

al^yVil^ll.^J.,J.yLrlj™ 

871 

52 

07 

34-95 

■03 

+0-107 

„y>l,.ll^«M.,.^^"^ 

888 

53 

06 

10-70 

■03 

+0-0S6 

al^/..rt^L>iii.iiuxil.U„];;^.v,vi^„ 

896 

t) 

00 

3186 

■03 

—0-019 

■'V'^*/"" 

L   5514 

93 

4912 

■07 

+0-072 

"'■"■^'r'V'A" 

943 

93 

18 

2808 

■04 

+O-O02 

„l,Ul/W..ll^.,.ilj.*ol.li;^>.'lj,-;,. 

gfo2 

40 

47 

59  45 

•02 

+0082 

-i^V^'/'?™ 

980 

63 

31 

02-96 

■13 

-0-057 

"'A-V*/" 

991 

83 

44 

4634 

-05 

+0-008 

/-r."""-" 

998 

30 

39 

S4-44 

■04 

+0-014 

aif.u^yvJi^llLm,»/y,ii^ 

i<M5 

69 

38 

40-37 

■04 

+0-0I9 

„y/vi^^iij...*^^^„ 

•053 

69 

34 

48-62 

■04 

+0-OII 

„i^^,ll,L.«.^^^ 

1065 

34 

SS 

19-90 

■08 

-0-009 

ayT..ivy*,.i»]i^,T..L«i,«ii,i.,.^i,ii^„i,ii^M-.-ijTO, 

1087 

77 

xfi 

0179 

.02 

+0-003 

^^.«l..i«.i.,.*i„.^,...in.i. 

»7 

08 

0244 

—0-026 

«if.yv^,ri,.ii,.ui.i.,.^i.i...iy™ 

1138 

58 

03 

I6't2 

-02 

+0-029 

/•"*■"<•'/" 

G     740 

46 

32 

15-70 

-06 

—0-004 

/.i..it^/i 

L    7110 

77 

16 

49 -s* 

■07 

+0-046 

al^/'i^'-iimi,i.,v/" 

1*03 

J7 

"4 

4«-63 

-03 

— o-oii 

„.^y>„l^R.^,.y,^ 

1362 

62 

41 

30-83 

■OS 

+0-074 

^^yv,vi,«,^  '^--^/"■"y™ 

I187 

4" 

ji 

5671 

■03 

+0032 

^i^yv,i^,«li.i,,,^oiyi^ 

130a 

74 

■04 

+0023 

oid^f.i^.T^'ij».y\gr,„ 

1313 

39 

3' 

19-61 

+0114 

""'/•■•"j-^-'A 

1362 

67 

S7 

'4-35 

■OS 

+0066 

"'''/•■"'^""■vy'? 

1363 

68 

02 

51  28 

■04 

+0-063 

«i*f'-»-(oi/iV'.rtyr 

138* 

36 

'9 

289s 

■02 

+O-0II 

fll.llW/Vjt1ll.l«ol_^,. 

I42S 

37 

08 

1108 

-OS 

+0022 

ai(lv,.ij(ijrt.,i]^...i..ii,.tli.iA..AMyBi.ii/i>..i^„„ 

1449 

67 

IS 

02-77 

+0-021 
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No.^.^.C 

Mcu  .v./ 

U.  ,u,r0 

r» 

\.       1 

«iyv,^.,v^.V» 

■  496 

15 

53 

56-43  O-04 

-0-030 

ai/rt..%- 

Z   9361 

SB 

3' 

55-OI      -60  _ 

0-00 

■••^/•■■^■v^vw 

"53« 

SS 

rj 

08-3.      -OS 

-0-010 

i.V/'.^f^'^^l/H.'ffr 

ISS4 

38 

3* 

47-73      -05 

:  0183 

tfy/w_f.,rt  .n.iii,i.,._^j^ 
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The  apparent  places  depend  on  the  preceding  mean  places  and 
proper  motions  and  on  the  independent  star  numbers  of  the  American 
Ephemeris  and  Naatical  Almanac  for  the  respective  year. 

It  was  thought  sufficient  to  tabulate  the  individual  results  only,  there 
being  no  novelty  or  special  advantage  in  publishing  the  detail  of  the 
record  and  reduction.  The  results  are  given  in  the  order  of  time  and 
separately  for  each  of  the  eight  groups,  which  extend  over  the  calendar 
year.  The  connection  of  each  group  with  that  following  is  readily  seen 
from  the  dates  in  the  first  column  of  the  tabulation. 
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PAIRS  OF  GROUP  11. 
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I 

a 

.1 

4 

5 

t 

> 

7 

8 

Date. 

''za 

I 

707 

761 

813 

871 

896 

96. 

<»gi 

602 
28-08 

7.13 

28-24 
28-81 

/'  475?  i 

1 

1 

27*58 
27-79 

827 

^877 
2833 

888 

1 
291 1 
28-47 

/.  55  M 

28-62 
28-81 

9i^ 

980 

• 

27-70 
27-71 

998 
2849 

1891 
Sept.  23 

24 

25 

27 
28 

27-66 
27-80 

28-52 
28-39 

26-45 
27  39 

27-94 
27-94 

2933 
30-06 

28-31 
29-24 

2845 
28-06 

27  98 
28-03 

29 

Oct.       I 
2 

3 

27-27 
27  03 
■27-45 
2787 
2764 

2801 
28-31 
28-28 

27-84 
28-62 

28*41 

27  99 
28-12 

2874 

27-19 

2847 
28-11 

28-34 

2856 

28-65 

28*55 

28*73 
28  18 

2864 

28-26 

28*12 
28*55 

28*68 
28-49 

27-51 

2755 
27-78 

27-79 

27-57 

28-07 
28-07 
2818 
28-14 

28-73 

4 

5 
10 

II 

16 

17 

2808 
2812 
27-82 
27-86 

27-75 
2815 

2835 
29-21 

28-18 

27-57 

27-63 
28-40 

2833 

2753 
28-19 

28-23 

28-16 

27*47 

27*66 
28-97 
28-98 
28-06 
28-58 

28-99 

28-88 
28*87 

28 -2 1 

29-09 

28-47 
27-94 

28-12 

28-52 
27-61 
2784 

29-04 
29-14 

28-54 

28  49 

29  23 

^1 

24 

26 

28 

27-61 

29 

27*20 

2826 

27-55 

28*21 

28*06 

27-69 

27*84 

28-05 

30 

Nov.    5 
6 

7 

27  34 

2837 

2775 
28-20 

2737 

28-19 

28-47 
27-95 

28-10 

2755 
2826 

28-12 
27-68 

28*22 
27-68 

27-43 

28-20 
28-25 

28-30 
2876 

8 
9 

«    V 

27-82 
27*45 

28-55 
28-54 

27-60 
27  -69 

27-76 
27-51 

28*13 
28 -60 

28-01 
28-72 

27-81 
27-92 

28-02 

28-55 
28-81 

1 1 
12 

13 

28-75 

28-58 
28-52 

2834 
2S-1S 

1 

28-75 
29-05 

28-44 
28-52 

28-16 

27-47 
27-57 

2805 
2825 

14 

IS 
16 

17 
19 

2753 
27-59 
27-75 
2775 

2853 
27-89 

2822 

27-96 

28-16 

28-01 
27  09 

27-48 
2783 

29-15 

28 -oS 

2817 

1    28-08 

1    27-68 

2903 

27-92 

28-43 
28ivS 

28-21 
29-67 

28-36 
28-66 
28-21 
29  01 

27.77 

28-33 
2784 
28-06 
27-97 

2S16 
28-39 
2752 
27  -98 
28-25 

2865 
28-17 
28-39 
2800 
28-50 

20 
21 
22 

23 
24 

27-21 

27-38 

2748 
27-67 

28-01 
2856 

2877 

27-42 
27  -09 

27-85 

28-12 

2S1S 
28-56 
29-09 
28-07 

27  75 

28-72 
28-98 
28-96 

28-14 
28-38 

28-58 
28-64 
27  07 
28-05 

2743 

27-79 
27-07 

27-38 
27-40 

27-71 

2S-48 
28-05 

27  -6S 
27-92 

2883 
28-13 
2S01 
2790 
28-29 

25 
26 

27 
Dec.     1 

2* 

2763 

29*09 
29*97 

29*01 
28-37 

27.47 

27-45 
28-23 

28*34 

28-29 
27  96 
27-96 
28-10 
2S-42 

27-54 
28-10 

2S-02 

2868 

27 -98 

1 

28  01 
2805 
28-20 
28-67 

27-83 
27-20 
28*15 
28*20 
28*05 

28-36 
27*86 
28*14 

27-94 
28*22 

28-^,2 
2S-15 
28-28 
28-63 

28-57 

*  Lafft  day  of  ot/M*rvHtiona  with  Zen.  'IVl.  No.  1. 
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PAIRS  OF  GROUP  V— Completed. 
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II 

IOS3           1045 

1087 

ITtl 

II38 

1065 

<'740 

' 

I 


13 


»3 

Lfxxo  \     ia6a 
1303     j     1387 


2877 
2849 

2898 
2886 

2849 
28-09 
2853 
2886 
2850 

2869 

2834 
29-30 
28-77 
28-56 


2930 

28-92 
28-98 
28-52 

28 -54  . 
29 -43  j 

28-14  I 
29  01  I 


28-61 
2883 
28-25 
2867 

2888 
29-13 
28-93 
27-87 
28-66 

28-90 
2873 
2871 

27  24 

28  70 


I 
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27-86 '  27-60 1 28-46 
28-43  27-85  28-78 
27-84  27-92  ■  27-62 
27-71   26-55,28-49 


28*26 

27-32 

27-65 

2733 
28-09 


2748 
28-21 
2808 
28-18 


27-98 
27*78 
28*21 
28-25 


27-70  :  28*65  27  57  27-81 
27-99  i  28-36  27  77  '  27*72 

27-83  :  26-55    2799 


27 -89 
27-64 


2835 


27-56 
28-40 


28-26 
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N.  B.  —From  and  after  November  5  the  group  connects  with  (iroup  VI. 
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COMBINATION  OP  THE  PBECBDING  RESULTS  FOR  VARIATION  OP 

LATITUDE. 

The  method  of  combiuation  must  be  snch  as  not  to  interfere  with  any 
change  in  latitude  that  may  be  indicated  by  the  observations,  no  matter 
what  the  character  of  the  change  may  be.  To  secure  this  the  same 
method  was  followed  as  had  been  used  in  the  case  of  Berlin,  liockville, 
Waikiki,  and  other  places.  The  groups  liad  been  selected  by  the 
observer;  but  they  differ  from  the  groups  at  other  stations  in  these 
res])ects:  They  contain  a  great  many  more  pairs;  they  inchide  doublets 
and  triplets  and  other  combinations,  and  when  the  same  group  is  reob- 
served  at  the  expiration  of  a  year  additional  pairs  or  combinations  of 
pairs  are  introduced.  This  greatly  added  to  the  labor  of  reduction,  and 
demanded  a  deviation  from  the  method  of  selecting  for  each  group  all 
the  full  series  only  from  which  to  form  the  mean  latitude  of  each  pair 
in  order  to  reduce  the  star  places  to  a  uniform  system  of  declination. 
Were  we  to  depend  only  on  the  complete  series  in  a  group  to  effect  this 
reduction,  their  number  would  be  so  small  as  to  defeat  the  object  in 
view.  In  fact,  there  is  a  group  (VI)  in  which  there  is  not  a  single  night 
in  which  all  the  pairs  belonging  to  the  group  were  observed.  The 
observations  on  each  night  are  much  more  liable  to  occasional  omis- 
sions of  pairs  than  with  a  few  pairs  only  to  a  group,  and  thus  the 
number  of  complete  series  falls  below  a  desired  number.  In  order  to 
increase  the  number  of  nights  and  values  from  which  to  reduce  the 
group  mean  I  have  admitted  all  series  in  which  but  a  single  omission 
(of  a  pair)  occurred,  and  have  supplied  the  corresponding  single  value 
by  temporary  interpolation  of  a  value,  namely,  the  mean  of  the  preced- 
ing and  the  following  observed  latitude  of  the  pair  involved.  In  this 
way  very  full  and  fair  group  means  were  obtained.  In  the  exceptional 
case  of  there  being  an  omission  at  the  beginning  or  at  the  end  of  the 
observed  values  of  a  pair,  the  two  nearest  (in  time)  results  were  used 
for  the  interpolation.  In  cases  of  doublets  and  triplets  the  values  re- 
ceived the  weights  two-thirds  and  one-half,  respectively.  There  were, 
however,  a  great  many  pairs  which,  on  account  of  the  broken  or  dis- 
advantageously  distributed  character  of  the  observations,  could  not  be 
admitted  directly  into  the  group  mean.  Thus  in  Group  I  tiiere  are  10 
such  pairs.  The  reduction  to  the  groui»  declination  system  for  these 
pairs  was  effected  as  follows:  Flach  value  of  one  of  the  pairs  was 
directly  compared  with  the  mean  reduced  value  deduced  from  all 
the  group  pairs  observed  on  the  respective  day,  and  the  diifercnces 
so  obtained  from  all  tlie  days  of  observations  for  that  pair  furnished 
the  reduction  to  the  group  system. 
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The  following  table  contains  the  number  of  pairs  of  stars  and  of  series 
from  which  resulted  the  group  mean : 


Group. 

Pairs. 

1 
Series,  i 

I 

14 

37 

II 

17 

53 

III 

16 

27 

IV 

17 

21 

V 

21 

15 

VI 

19 

16 

VII 

23 

23 

VIII 

18 

14 

Seconds  of 
group  mean. 


28*42 
28  42 
2828 
28-24 
2811 
28-17 

28-44 
2847 


Total  number  of 

observations  in 

group. 


The  resulting  reductions  to  the  values  for  latitude  by  each  pair  of 
stars,  in  order  to  refer  the  group  results  to  a  uniform  system,  are  as 
follows: 


1 

Group  I. 

1 

Group  II. 

j          Group  III.          1 

Group  IV. 

Pair. 

Reduction.  ' 

1 

Pair. 

Reduction. 

1 

1    Pair. 

Reduction. 

1 

;    Pair. 

Reduction. 

i 

// 

i 

// 

1 

I 

—    17 

Ij 

-     25 

I 

f     41 

I 

1 

4-    16 

2 

-    -21       j 

2 

—   -18 

2 

+    04      ' 

i         2 

—    34 

3 

+    -20      1 

31 

-f     03 

3« 

—   -04     1 

3i 

-f  -41 

4 

4-  -44    ; 

3a 

+    -fl 

4 

-  -51     1 

3« 

+  '11 

5 

-f     Of       1 

41 

+  75 

5i 

-f  -20    1 

4i 

+  -15 

61 

—  -54    i 

5 

•00 

5s 
6 

-h    34 

4« 

-  -35 

73 

-f  -08    , 

6 

-     -3^ 

4-  -M 

5 

-    46 

8 

•34    , 

7 

-h  -35 

7 

-     46 

6        -i-    23 

9 

—    20 

1 

8, 

4   -OS 

8. 

—    M 

7     !         .00 

10 

•00    ' 

j 

8. 

■\-    -22 

!       8, 

-    03 

!      8    1 

—    24 

III 

—    17    . 

9i 

—    -12 

'      9 

+   -38 

9i 

-f  -'5 

I2| 

-f-    50 

1      <h 

—      13 

10 

-  -35 

9. 

-Y    23 

131 

•03 

10 

—  -oi 

II 

-f-    09 

10 

-h    03 

14 

+  "39 

III 

-j-    -22 

12 

-f-  -28    i 

11 

•49 

1 

1 

12, 

—      17 

13 

-    05 

12 

+  -02 

13 

Zl 

j     141 

—    30    1 

13 

—    18 

14 

1 

1            1 

Extra 

•16 

Extra 

1 

1 
1 

! 

M 

1 

4-    38 

1 

Extra 

pairs. 

// 

pairs. 

*f 

pairs. 

// 

64 

—1-23 

»i 

— 037 

3i 

— 0-15 

7| 

-|-o-i6 

i      49 

-{-0-02 

Ma 

-030     , 

1 

7« 

-}-oi6 

1     if« 

-fo-42 

1 
1 

1 

! 

'4 

— o-io 

II:i 

-187 

1 

1 

1 

'8 

— 057 

II4 

—  178 

"« 

— 0*29 

121 

4-0 -02 

«'3 

— 0-50 

Mi 

+035 

"4 

— 0-6I 

1 

123 

-|-o*6i 

1 

1 

I3« 

-fo-09 
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Group  V. 

Group  VI. 

Group  VII. 

Grc 
Pair. 

t 

1 

mp  VIII. 

Pair. 

Reduction. 

Pair. 

1 
Reduction. 

// 

Pair. 

Reduction. 

Reduction. 

// 

// 

// 

I 

+    '49 

Ii 

—    07 

Ii 

—   'lO 

I 

—   '09 

2 

—    42 

2« 

H-    '21 

Ii 

•00 

2 

4-  -47 

3 

+  -44 

3 

4-    '02 

2i 

+     18 

3 

•00 

4 

-    04 

4 

+    -50 

22 

4-    '20 

4 

•23 

5 

—    34 

5i 

—    -09 

3 

f   -26 

5 

+    09 

6, 

—    27 

5i 

+  -3' 

4 

4-    '22 

6 

-  -16 

6. 

-f  -15 

6 

+  -23 

;    5i 

4-    IZ    i 

7 

+  -17 

7 

-f  -04 

7i 

-  -55 

Si 

4-  -07 

8 

^-  "29 

8 

•18 

8, 

f  -^6 

6 

4-  -13 

9 

-f-    '22 

9i 

-  -49 

9 

-\-  -20 

'      7 

—  '11 

:      lOi 

-  -53 

92 

-no 

10 

-    96 

,      81 

4-  -23 

10, 

-    42 

lO 

-   34 

II 

—    'lO 

8., 

—  '34 

III 

4-  *o4 

II 

-+"  '54 

I2i 

-f  -II 

9 

—    40 

Hi 

4    05 

12 

-f  -18 

128 

4-  -13 

10, 

-    25 

1    '^ 

—  -04 

13 

4    -23 

iSi 

4-  -24 

1       lOrf 

4-  -12    i 

«3 

—    '21 

M 

4-  -12 

i5« 

4-  -17 

1     III 

—  14 

Ml 

—  '44 

'5 

+   06 

16 

-   05 

\u 

4-  -25 

I4i 

4-  -15 

i6          -f-  -20 

17 

—   l^ 

I2i 

—    '20 

>5 

+  -24 

i7i         -  -38    ^ 

18, 

—    34 

1 2d 

+  -17 

i7« 

+  -45     •■ 

13 

—    17 

18 

-\-    '20 

15 

4-  '04 
-f  -02 

—   .  — 

Extra 

:    16 

—  -02 

1 

Extra 

1 

pairs. 

// 

pairs. 

// 

la 

—0-89 

23 

—003 

1 

2i 

+003 

24 

+0-09 

1 

7* 

—0-48 

103 

4-015 

1 

81 

4-0-89     , 

Il3 

-fo-24 

>3i 

-018     , 

"33 

— o'55    j 

14 

4-036    ' 

18, 

—0-47 

These  corrections  to  the  results  by  each  pair  and  for  ea<»h  group  were 
next  applied,  forming  a  new  general  table  of  values  for  latitude,  and  refer- 
ring to  a  uniform  declination  system  in  each  group.* 

The  probable  error  of  observation  of  a  single  result  for  latitude  may 
now  be  deduced  by  comparing  on  any  one  day  each  value  with  the 
daily  mean  of  all  values  within  the  group.  Let  these  differences  be 
Ji  Ja  J3 then  the  probable  error  of  observation 


?o  =  0-G75  J^^ 


where  n  =  whole  number  of  observations  or  J's,  and  iix  the  number  of 
means  or  nights  involved.    Taking  at  random  about  100  values  in  each 

*  Thi8  table  remaiDs  iu  MS. 
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grouj),  we  get  the  following  results  for  c^  separately  for  the  two  instru- 
ments: 


Date 

Group 
No.ofdiff*s. 

Prob.  error  *•„ 

June,  1 89 II  July,  1891 

1                   11 
105                 105 

//                    // 
io-38          io-36 

v;Aui;...>i89i 
(Sept.,) 

Ill 
112 

// 
±026 

Sept.,  1 89 1 

IV 
102 

// 

±0-25 

&^^^ 

Nov.,iS9i 

VI 
no 

// 
±019 

V 
100 

// 
±0-24 

Average  for  Zenitl 

1  Telescope  No.  i  from  ( 

534  values  -\- 

0'^-2S. 

Date 

1 

1 

1                    (Jan-  ) 
Jan.,  1892  <  Feb.,  Si 892 

OIar..S 

i 

{T;::Y^'>^ 

May,  1892 

I. 
119 

// 
-to- 1 8 

K:}'«^^ 

Aug.,  1 892 

Group 

No.  of  diflf's. 

Prob.  error  f„ 

VI                VII 
'       100                108 

//             // 

-t-o-2i            iJiO*l9 

VIII 

106 
1    ±017 

III 
III 

// 
±019 

III. 

99 

// 
±0-19 

Average  for  Zenith  Telescope  No.  i  from  643  values  t\,--^c/^'ig. 

These  numbers,  besides  giving  a  general  idea  of  the  accuiticy  of  the 
observations,  plainly  show  the  sai>eriority  of  the  second  instrument 
over  the  first,  which  is  due  to  the  improvements  mentioned  in  detail  on 
a  preceding  page. 


REPORT   FOR   !8M — PART   U. 


495 


Tofrxldfion  of  t&e  da\i^  mean,  raluen  after  their  reduction  U>  the  mean 
deolinatioH  ayitem  of  their  re^eetive  group,  tot/ether  with  the  number  of 
paira  of  stare  olixvrreil  ravli  night. 

[In  Lkla  Ut>li>  Itae  c:uiinecCton  of  Ihe  fKHi|i>  i«  plainly  ■hown.) 

LATITUDE  OP  SAN  FRANCISCO,  CAI.. 

[Dalljr  Dwuiof  Ti]iu4»da(iedlaBnt<P>y*.t*'o>-    V     iT'tl'i^'   +  tabular  qiuutit]'.] 


Ukle. 

<;™p.. 

tiruup 

.,. 

Group  MI, 

1891. 

// 

// 

M,y   17 

8-20     I 

845 

2S 

827     13 

S3" 

16 

29 

8;64      7 

S'6i 

14 

3° 

836 

17 

31 

8-44    n 

84; 

16 

June      I 

8-38      7 

8-50    ij 

814 

8 

5 

S-.6     13 

846 

16 

6 

8-46     14 

839 

'7 

7 

841     "3 

S-4- 

16 

8 

"9 

8-48     13 
819      7 

B40    12 
8-29     13 
8-31      5 
8'19     ij 

8-6o 
S'34 

'7 
'7 

17 

'A 

'7 

8:^^  :? 

839 

'7 

22 

8  10     13 

8-.i 

',1 

34 

Sis      3 

25 

ai    ,3 

8j6 

16 

8i,     „ 

848 

n 

27 

8-56  13 

879 

16 

28 

S-67     .= 

S76 

16 

29 

S,s      1! 

864 

16 

30 

8-6,     10 

8'47 

17 

July      I 

843      4 

776 

4 

5 

t'A 

17 

17 

8-27      IS 
863      16 

6 

7 

tfs 

16 

"7 

8ho     '4 

8'24     IS 

9 

8-8o 

8-56 
8'36 
856 

J 

'7 
17 

8-6o     IS 
8-^5      3  ' 

14 

'7 

805 
8'30 

«4 
18 

8-47     '5 

18 

860 

15 

'9 

8-4.8 

15 

8-45     16 

8'44 

16 

8-48     16 

6-40 

15 

S-37     16 

*3 

8- .6 

7 

24 

18 

25 

8 '42 

iS 

8-37     16 

30 

l-'S 

6 

8-33      8 

31 

8-27 

1  + 

S29    »S 

Aug.     3 

811 

8'13 

lo 

790    '3 

8-26     14 

6 

So. 

8-33     '6 

7-87 

9 

836     16 

8-16 

8-24 

16 

817     H 

8*10 

16 

8-31     16 

•3 

816 

16 

773     in 
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Dailjf  mean$  of  values  reduced  to  group  BynteiH — Continued. 


V 


Date. 

1 

GroU|i  III. 

189I. 

// 

Aug.  15 

8-12 

14 

16 

7*94 

'5 

17 

7*94 

6 

20 

812 

H 

21 

8*11 

10 

22 

8-34 

16 

3' 

7*96 

12 

sept    1 

828 

9 

8*24 

12 

7 

796 

>5 

8 

8-22 

6 

9 

788 

>3 

10 

800 

'5 

12 

817 

7 

IS 

7*74 

4 

16 

7*99 

16 

18 

805 

13 

19 

7-95 

12 

20 

8*31 

3 

22 

818 

16 

23 

24 

25 

27 

28 

29 

30 

Oct      I 

2 

3 

4 

5 

10 

II 

16 

17 

21 

24 

26 

28 

29 

30 

Nov.    5 

6 

7 

8 

9 

II 

12 

13 

H 

15 

16 

17 

19 

20 

21 

22 

23 

24 

25 

Group  IV, 


(iroup  V. 


Group  VI, 


// 

// 

840 

16 

8-35 

8 

850 

16 

8-33 

17 

8-09 

2 

8-56 

12 

8-i8 

4 

8- 24 

16 

8-45 

10 

9*22 

4 

• 

8-33 

14 

798 

14 

8-24 

6 

840 

17 

832 

16 

813 

'7 

8-2! 

16 

824 

17 

8*34 

18 

812 

15 

815 

M 

788 

3 

812 

17 

80s 

18 

803 

16 

811 

20 

796 

16 

796 

>9 

817 

16 

7  94 

>7 

824 

16 

811 

20 

830 

17 

8-22 

16 

8-23 

16 

806 

18 

811 

16 

820 

>9 

818 

17 

841 

15 

8-37 

«5 

^'35 

20 

824 

16 

829 

<9 

8*21 

16 

8-22 

18 

781 

13 

852 

16 

8-30 

9 

851 

3 

776 

I 

814 

>5 

806 

18 

8-22 

7 

8-07 

II 

816 

15 

797 

20 

■ 

815 

20 

8-20 

<9 

• 

7-88 

3 

8 -02 

16 

8-20 

19 

816 

20 

817 

21 

8"  19 

20 

802 

21 

839 

17 

8i3- 

16 

8*14 

21 

819 

20 

794 

21 

7-94 

>9 

001 

20 

// 


809 

8-33 
810 

813 

8-33 
829 

813 
804 

808 

Sii 

8-27 

808 

S-I4 

819 

828 

802 

809 

800 

7*93 


13 

3 
[8 

(8 

7 

7 

7 
18 

7 
8 

[8 

7 

t4 
18 

7 
[8 

8 

'9 
3 
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Date. 


Daily  means  of  values  reduced  to  group  $if8*em — Coutimiod. 
Group  V.  Group  VI.  Group  VII.  Group  VIII. 


I 


1891. 
Nov.  26 

27 
Dec.     I 

2* 

13 
16 

n 

20 
21 

23 
24 
25 
27 
30 


1892. 
Jan. 


Keb. 


Mar. 


Apr. 


8 
10 
II 
12 

14 

15 
16 

17 
18 

19 
20 

21 

22 

23 

27 
28 

30 
I 

2 

6 

7 
8 

9 
10 

28 

2 

3 

4 

5 
6 

7 
8 

12 

»5 
20 

21 

22 

23 

24 

25 

27 

29 

30 

3' 
2 


// 

801 
7.99 

808 
8  24 


21 
18 
20 

14 


// 

804 
796 

813 
8^28 

827 
816 


// 


// 


811 
827 
828 

803 
815 
8-24 

831 
829 

8-2J 

8-39 
814 

823 

825 

838 
811 
8  30 
820 

8-43 
818 

8-45 
846 

8-34 
824 


18 

7 

19 
6 

10 

9 


7 
20 

16 

20 

21 

22 

6 

14 
21 

14 

8 

21 

22 

6 

24 

7 
22 

24 
26 

26 

17 
23 
14 
23 


8-66' 
838 

8-54 
8-42 

816 
831 


882 

8-37 
858 

851 
8-38 

842 

8-53 
848 
863 
841 
871 
840 

8-57 
8-47 


8  50 

8-54 

8-37 
832 

8-47 
819 

8-44 
8-46 

8-43 

8-79 

8-59 
862 

8-37 
832 

8-35 
8-38 


10 

23 
22 

22 

22 

23 


8-36    23 


1 

6 

10 

21 

21 

23 

22 

23 

23 

23 

5 

25 
24 
25 


23 

27 

27 
26 

25 

25 

2 

27 

27 

27 
16 

25 

23 
27 
25 


14 
26 


8 
8 
8 
8 
8 
8 
S 
8 
8 
8 
8 
8 
S 
8 
8 


8 

'8 
8 
8 
8 

8 
8 
8 
8 
S 
8 
8 
8 


•32 

12 

•48 

15 

•44 

16 

•38 

15 

•41 

17 

S3 

16 

43 

>3 

•27 

n 

•55 

17 

•36 

16 

•48 

17 

•45 

IS 

•59 

8 

•61 

17 

SI 

18 

•38 

18 

•54 

18 

•27 

S 

•51 

14 

•60 

16 

•46 

16 

•56 

9 

•41 

13 

•72 

II 

•38 

16 

•52 

12 

•51 

le 

•63 

4 

•67 

IS 

Ciroup  1 1 
// 


8-32 


8-34 
8-68 

8-47 
8-68 

840 

8-44 
841 

8-69 

8-51 
862 

838 


837     20 


I 

6 

18 

A* 

21 

iS 

19 
II 

12 

I 

21 


8-53     21 


*  Lant  day  of  obserration  with  Zenith  Telcfdcope  Xo.  1. 
S.  Ex.  10,  pt.  2^-32 
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Dailif  means  ofraluet  reduced  to  group  Sjfstem — Cod  tinned. 


Date. 

Group  VIII. 

Group  Ii. 

Group 

III. 

Group  III|. 

1892. 

// 

// 

// 

Apr.     3 

840 

17 

846 

23 

-4 

830 

17 

8-33 

23 

5 

882 

16 

856 

22 

6 

882 

3 

7 

8-59 

I     . 

9 

860 

17 

860 

20 

1 

II 

860 

15 

8-51 

21 

13 

877 

6 

15 

858 

12 

850 

12 

1 
1 

16 

8-54 

18 

848 

19 

1 

17 

846 

16 

8  50 

21 

18 

8-33 

>3 

838 

23 

19 

862 

15 

8-37 

20 

21 

841 

17 

852 

21 

22 

850 

16 

8-55 

14 

24 

8-6i 

16 

8-51 

21 

25 

852 

17 

852 

22 

26 

8*42 

16 

8-39 

23 

27 

864 

2 

8-54 

18 

29 

913 

I 

May     2 

867 

>7 

1 

4 

819 

2 

862 

>3 

6 

9-02 

2 

862 

18 

7 

928 

2 

8-55 

20 

1 

8 

846 

>3 

10 

^•67 

22 

"8-58 

17 

^                                                  1 

11 

840 

22 

8-57 

>9 

12 

823 

22 

8-45 

21 

1 

13 

8-49 

20 

8-59 

>3 

15 

8-68 

20 

872 

20 

16 

830 

24 

8-35 

20 

17 

841 

20 

865 

21 

18 

848 

24 

8-48 

19 

19 

8-54 

14 

20 

851 

24 

852 

20 

21 

8*95 

I 

28 

846 

15 

838 

20 

29 

8-55 

22 

8-47 

'9 

30 

846 

24 

8-48 

21 

31 

8-45 

21 

863 

20 

June     I 

8-53 

23 

858 

20 

2 

8-44 

22 

828 

20 

4 

846 

>9 

5 

8-55 

18 

8-44 

20 

July    29 

8-53 

'3 

30 

8-43 

22 

8-37     15 

Aug.     2 

8-39 

7 

3 

852 

20 

830     '3 

4 

8-35 

20 

828     16 

8 

860 

18 

8  40      4 

9 

8-38 

>5 

841     13 

10 

842     12 

II 

863 

23 

848     11 

12 

826 

23 

8-3«     13 

H 

8-45 

21 

840     15 

15 

8-39 

20 

846     17 

16 

850 

21 

850     17 

17 

828 

22 

811     17 

i« 

836 

21 

823     17 

I9» 

836 

18 

8*24    12 

*  Close  of  series. 
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COMPARISON  OF  OROUP  MEANS  OR  REDUCTION  OF  VALUES  OP  ONE 
OROUP  TO  YALXJES  OF  THE  ADJACENT  GROUP  DURING  THE  SAMS 
PERIOD  OF  TIME. 

By  means  of  the  preceding  table,  which  contains  the  daily  mean 
values,  together  with  their  weights — i.  e.,  the  number  of  pairs  observed 
on  the  respective  dates  and  within  the  group — we  get  the  weighted 
means  of  simultaneous  observations  (on  the  same  night)  for  any  two 
adjacent  groups  during  the  period  of  their  connection,  as  shown  by  the 
horizontal  bars.  These  means,  together  with  their  relative  weights 
(number  of  observations),  are  as  follows: 

Comparison  of  group  sygtems. 


I                 II 

III 

IV 

V 

VI 

//                     // 

28-40(278) 

2842(392) 
28-31(379) 

28-32(300)            '^ 
28-o7(228)       2833(205) 

28-18(292) 

1 

28-16(270) 
28-10(412) 

ff 

28-13(368) 

28-27(424)» 

1 

1 

• 

t 

VII 

VIII                             I, 

III 

nil 

// 

*28-45(397) 
2846(392) 
28-37(40) 

// 

28-44(265) 

28-52(440) 

28-3 

28-^ 

284 

6(25) 

^9(567) 
•7(357) 

2I 
2I 

ff 

5-51(343) 
5-42(270 

ff 

28-34(192) 

*  Continued  on  same  line. 


ESTABLISHMENT  OF  THE  OBSERVATION  EQUATIONS. 

The  sum  of  the  successive  differences  between  the  groups,  when,  after 
the  lapse  of  a  year,  the  same  system  or  Group  I  has  been  reobserved, 
should  equal  zero.  Likewise,  the  differences  for  any  one  group  when 
reobserved  should  be  the  same,  and  when  overlapping  the  difference 
for  the  three  groups  must  satisfy  the  condition  that  the  sum  of  two 
differences  must  equal  the  third.  Let  v^  —  Pi  —  i  be  the  correction  to 
the  observed  difference  between  the  means  of  a  group  (t)  and  the  pre- 
ceding group  (i— 1).  The  relative  weights  to  the  differences  are  given 
by  a  combination  of  the  above  numbers  (in  parenthesis)  of  pairs 
involved;  wheiice  we  adopt  for  the  reciprocal  the  value 
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Tho  lifroiip  (lifiTerences  and  their  resixMitive  weights  are  as  follows: 


Observed  differences. 


u  =  P    « 


(Observed  differences. 


it  =  P    > 


-    I 


// 


// 


IT  —         I  -      -1-  0-025        i 

•061 

.  an'l    Ii  — 

VIII  rr 

-0035  1 

•040 

III  -    II  -  f  0004 

•060 

II.    - 

I. 

I  0033  ' 

•057 

IV         III  =  -1    0253      1 

•093 

III, 

Ill 

—  0078   ; 

•089 

V  —       IV  :-     -  0025 

•071 

Ii  - 

VII  . 

—  o-oio  1 

1 

•650 

VI   -              V  -:      -}-  0-029 

•051 

1 

VII         VI       -[-  0179      , 

•049 

1 

VIII  -    VII   -    -0020 

•063 

The  observation  equatiouH  are: 

["2-1+  "i-z-^  V3  t-  "s-4''  Vs+  ^^+  ^8-7^  ^'.-S 


2-1 


-V' 


2-1 


3-2 


_.V>' 


3-2 


V8_7+  v,_g 


-  V. 


1-7 


-=  "i  41 
—  —  -oi 
-=  -f  08 
=   -  -04 


Forming  the  corralate  equations  and  the  uoruial  equations,  having 
regard  to  the  above  weiglits,  we  get 


-f  -488  ki 

-|-  -061  k| 

-f  -060  ki 

+  •103  k, 


-f    061  kj         -f-   -060  ka 
-f-    •Il8k.: 

t       149  k:» 


-I-     103  k^  -     41  —  o 

-{-    'OI   -rO 
—      08  r_0 

f  753  1«4        4-04=0 


Solving,  we  find 


ki  ^   \  -9287       and  the  corrections 

V2-.—  5648 
k:, -~-f      1629 

lk4—  —  -1802 


V       .     -    ->      -0222 
2-1 


-r 


•0655 


3-2 

4-3  ^ 


5-4 


•0659 


V5  ~    -^-   '^74 


7-6 


^8-7 
^1-8 


../ 


2-1 


\-2 


1-7 


■■-  f 

•0455 

■-    -1 

■0472 

_  -    ; . 

■0299 

--•  i 

•0322 

— -  ■  - 

•0145 

-  -I. 


•II71 


and  the  adjusted  reductions  become: 


// 


Rjj— 1  —  — 

•003 

Rj-i  =   p 

•062 

R4-3  =  — 

•167 

Rft-.  --  H- 

•091 

A«-6=-:     » 

•018 

R7-6  ~-  — 

•>33 

•   R8-7  —  -i- 

•067 

Ri-.  -  4- 

•065 

// 


So  far  as  the  variation  of  latitude  is  concerned,  it  is  immaterial  which 

group  maybe  taken  as  the  initial  one.    Taking  the  tirst,  we  get  the 

final  reductions  of  the  groups  as  follows: 

// 

Group      I                 -oo  Clroup       \' 

II                  00  VI 

III  4-    06  \  VII 

IV  -    II  !  VIII 


—  02 
•00 

'3 

—  -06 
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Applying  tlio  corrections  to  the  respective  group  means  of  the  last 
table  of  latltade  results,  and  combining  the  two  values  of  each  day 
with  regard  to  their  weight,  we  find  the  final  daily  mean  values  as 
tabulated  below : 

liesulting  latitude  of  San  Frandsco. 
[Daily  nieanH  lietween  May.  1891,  and  August,  1892,  37^  47'  20''  -f  tabular  quantities.] 


Date. 

IjitituUe. 

No.ol 
obs. 

^       ^ 

«     , 

Date. 

Latitude. 

No.  of         . 
obs.           ^ 

1 

n 

1891. 

// 

189I. 

// 

May  27 

8-41 

12 

' 

Aug.  to 

816 

12  ' 

1 

28 
29 

•33 
•62 

29 
21 

V    8-42 

80 

II 
12 

•24 
8-24 

30 
32 

-    815 

105 

30 

•34 

iS 

13 

798 

31. 

31 

^46 

27' 

94 

'5 

8  24 

30 

June     I 
3 

•53 
•36 

18 

20 

K       8-41 

16 
17 

•08 
•00 

23 

6 

-    8  20 

89 

5 

'3i 

29 

I 

20 

•29 

30 

6 

•42 

31' 

21 

•20 

27' 

7 
0 

•40 

29 

►        8-40 

114 

22 

•35 

18 

•    8-25 

82 

8 

•41 

30 

3> 

•24 

24 

J 

12 

•38 

24. 

1 

Sept.    5 

•26 

13. 

13 

•42 

29' 

1 

6 

•20 

28 

14 
17 

•37 
•25 

21 
29 

^    8-34 

90 

7 
8 

•>5 
•61 

25 
10 

'    8 -20 

90 

18 

•3» 

5, 

1 
1 

9 

809 

27. 

>9 

•28 

30^ 

1 

10 

7*97 

29 

20 
21 

•37 
•13 

29 
30 

.    8-24 

112 

12 
'5 

8  18 
7  80 

'3 
4 

>    8-IO 

108 

22 

•19 

21. 

16 

8-17 

33 
29  J 

24 

•15 

3 

18 

•16 

25 
26 

27 

•41 

•51 
•69 

29 
28 

29. 

V    852 

'  89 

1 

■ 

i              '9 
20 

i               22 

•02 

•37 
•17 

29 

3 
32 

'    815 

99 

28 

72 

28' 

23 

•23 

35. 

29 

•69 

28 

i 

24 

8 -06 

29 1 

30 
July      I 

•53 
•10 

27 
8 

K    852 

123 

25 

27 

in 
802 

3 
35 

■     8 -02 

103 

4 

•28 

32, 

28 

801 

36. 

5 

•59 

3Z 

29 

7-90 

35 

6 
7 

1         '42 

i     -38 

30 
32 

.     848 

100 

30 
Oct.      I 

7*99 
811 

33 
36 

■    805 

137 

9 

•80 

5. 

i 

2 

•19 

33. 

10 

•61 

31 

3 

•08 

34 

II 
12 

•34 
•52 

33 
20 

.     8-41 

.3' 

4 
5 

•10 
•22 

35 
32 

8-17 

136 

14 

•05 

14 

1 

10 

•29 

35  J 

'7 

1          40 

33  J 

II 

•21 

35 

18 
19 

•60 
•50 

'51 
31 

; 

16 
17 

815 
770 

34 
'3 

-    81S 

98 

20 

•49 

32 

\     8-47 

116 

21 

8-41 

16. 

21 

•42 

31 

7J 
18  1 

1 

1             24 

•19 

9' 

23 
24 

•16 
•10 

26 

28 

840 
7^74 

3 

I 

809 

46 

25 

•42 

29  J 

1 
95 

29 

804 

3:i. 

30 

•37 

30 

•II 

71 

31 

•31 

1 

Nov.    s 

•07 

24 

-     810 

^^■v 

Aug.    3 

•03 

25] 

1 

6 

•23 

28 

97 

5 

•24 

24 

-     818 

100 

7 

•02 

38  J 

6 

•24 

26 

7 

■22 

25. 
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ReBuUing  latitude  of  S<tn  Franciaco — C-untiiiuc<l. 
[Daily  meaim  betweeu  Mny ,  1891.  aud  August,  1802,  37"^  47'  2(V'  +  tabular  qiuuitities.] 


Date. 

Latitude. 

No.  of         J, 
obs.            ♦ 

1 

n 

1 

1        Date. 

1 

I.atitu«le. 

1 

No.  of         1 
obs.           ♦ 

1 

n 

1891. 

// 

1 

1       1892. 

1 

i        // 

1 
1 

Nov.     8 

8'3 

38] 

Feb.    28 

1       8-54 

'    331 

9 

•25 

36 

8*16 

127   ' 

Mar.     2 

•43 

'    ^°[     0 

II 

•23 

20 

3 

•50 

31  >    841 

191 

12 

•07 

33. 

1 

4 

•36 

44 
43  J 

1 

! 

«3 

•II 

371 

1 

1              5 

•30 

14 
IS 

•II 
•13 

37 
39 

■    814 

iSi  i 

j 

6 

1 

7 

•35 
•22 

38 
«4 

16 

•22 

38 

1 

8 

•34 

49 

^    8-35 

127 

17 

•04 

38- 

1 

12 

•23 

6 

»9 

•27 

3> 

.    816 

141 ' 

'5 

•52 

20 

20 

«5 

34 

1 

!            20 

50 

34 

21 
22 

•19 
•10 

38. 
38 

I 

1            21 
22 

•43 
•40 

1     18 
21 

.    846 

100 

23 
24 

8-0O 
796 

39 
38 

\      %'0\ 

1 

748 

23 
24 

•46 
•39 

27. 
32' 

25 

26 

7  97 
8-OI 

33. 
39 

1 

1            25 
27 

•67 
•40 

22 

28 

8-47 

95 

27 

7*97 

25 

.     8-o6 

123 1 

29 

•47 

13J 

Dec.     I 

8  •09 

39 

\3  ^^\^ 

1           30 

•4' 

371 

2 

•24 

20 

1 
1 

31 

•57 

4 

>3 

•27 

10 

1 

Apr.     2 

•56 

36  >    8-42 

«57 

16 
17 

•16 
•36 

I?       '"7 

79 

3 
4 

•41 
•29 

40 

40  J 

19 

•26 

^JJ 

5 

•64 

■     38I 

20 

•36 

38 

1 

1               6 

•76 

3 

- 

21 

•31 

42 

►     821 

168  ! 

i          .     7 

•53 

' 

8-58 

"5 

23 

•03 

43 

1 

9 

•57 

1    37 

24 

•17 

45. 

1 

II 

•52 

36  J 

25 

•24 

61 

1 

<3 

•7< 

6^ 

27 

•3' 

14 

'5 

•51 

24 

8-49 

104 

30 

•26 

44 

8-27 

79 

16 

•48 

37 

1892. 

>7 

•46 

37  J 

Jan.      2 

•26 

»S. 

18 

•34 

36 

8 
10 

•32 
•24 

14 
3' 

.    8-28 

"5  ! 

19 
21 

•45 
•44 

35 
38 

►    843 

"39 

II 

•30 

43 

22 

•49 

30  J 

12 

•25 

27, 

1 

1              ^^ 

•53 

371 
20  J 

14 

15 
16 

•34 
•II 

•35 

47 

7 

44 

'    8-31 

! 
145 

!          25 

i          ^^ 
27 

•49 

•38 

8-54 

>35 

17 

•28 

47. 

1 

29 

9-07 

I  ] 

18 

•46 

49 

1 

May     2 

867 

^l       8-6it 

5? 

>9 
20 

•23 
•48 

49 
22 

•    8-37 

168 

4 
6 

•55 
•65 

«5 
20, 

T 

JO 

21 

•36 

48. 

i 

7 

•61 

22' 

22 

23 
27 

•40 
•29 

•37 

38- 
48 

35 

836 

"63  1 

8 
10 
II 

•46 

•63 
•48 

<3 
39 
41. 

^    8-55 

"5 

28 

•39 

42  J 

1 

12 

•34 

43 

.30 

•40 

431 

13 

•53 

33 

K        846 

160 

Feb.      I 

2 

•27 
•25 

41 
42 

•    831 

167 

>5 

16 

•70 
•32 

40 
44. 

6 

•31 

41  J 

1 

'7 

•53 

41 

7 
8 

9 

•32 
•27 
•39 

'51 
44 

44 

•    8-32 

146 

lb 

»9 
20 

•48 

•54 
•5' 

43 
14 

44J 

^        8-51 

142 

10 

•30 

43  J 

1 

1 
1 

U.S.Coast  and  GewUtU  5u4  Ko.20 


ZS.w 

i 

V 

vl 

vt 

^'T 

Ji»^ 

K 

T\ 

S 

V 

N 

1 

<.   ^ 

1    ■ 

LS 

28.00 
18 

— 1 

91 

y 

t        2 
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MemUiny  latitude  of  San  tyancUeo — Coutinood. 
between  AUy,  1891,  ami  August.  1802,  37"^  AT  20"  +  tabidar  quantitieii.l 


Date. 

Latitucie. 

1892. 

// 

May  21 

8-95 

28 

•41 

29 

SI 

30 

•47 

3' 

54 

June     I 

55 

2 

•36 

4 

•46 

5 

•50 

July   29 

•53 

30 

•43 

Aug.     2 

•39 

No.  of 
obs. 


* 


I 

35 
41 

AS) 

4n 

43 
42 

»9 
38 
'3 
37 
7J 


8-47 


848 


8-47 


122 


Date. 


145 


95 


1892. 
Aug.    3 

4 
8 

9 
10 

II 

12 

14 

»5 
16 

17 

18 

'9 


Ijititude. 


// 
8-44 

•35 

•57 
•42 

•48 
•60 
•30 

•45 

•45 

•53 
•23 

'S3 
8-34 


No.  of 
obs. 


* 


•    8-43 


119 


33 
36 
22 
28 
12I 

34 

36  }.    8-45    I  155 

36 

37 

38 1 

39 

38 

30  J 


836 


145 


Total  number  of  nights  of  observation,  2.'J7,  and  of  individual  values 
for  latitude,  0  7G8,  contracted  into  57  mean  values,  which  are  shown  on 
the  accompanying  diagram  by  the  zigzag  line.  The  scales  for  this 
diagram  are:  For  the  time  scale,  20  days  to  the  centimetre j  for  the 
latitude  scale,  0"'10  to  the  centimetre.  Tlie  numbers  attached  to  the 
points  represent  the  number  of  observations  condensed  into  a  mean  for 
the  given  date  and  are  placed  above  the  x)oints;  the  numbers  below 
them  show  the  number  of  nights  of  observation.  With  but  a  few  excep- 
tions the  results  of  4  nights  were  combined,  and  never  raore  than  5. 

The  smooth  curve  passing  between  the  zigzags  is  the  result  of  com- 
putation. It  was  derived,  however,  not  from  the  preceding  57  mean 
values,  but  from  a  further  condensation  of  these  values  to  29  normal 
values  by  uniting  them  two  by  two.  The  normals  So  obtained  may  be 
regarded  as  the  outcome  of  the  observations  at  San  Francisco.  They 
are: 


N«>. 

Date. 

Latitude  nor- 
mals 37"  47'  + 

No.  of 
obs. 

No. 

Date. 

Latitude  nor- 
mals 37*  47'  f- 

No.  of 
obs. 

189I. 

// 

189I. 

// 

I 

May  30 -8 

28*42 

«74 

16 

Dec.  25-4 

28-24 

247 

2 

June  1 1 '8 

•37 

204 

1892. 

3 

June  23-0 

•38 

201 

17 

Tan.    12-8 
Jan.    22^2 

•29 

260 

4 

July     3*6 

•50 

223 

18 

•36 

33^ 

5 

July    16-5 

•44 

247 

19 

Feb.     52 

•32 

3^3 

6 

July   31-8 

•25 

195 

20 

Mar.    6-2 

•38 

3'8 

7 

Aug.  14-2 

•18 

194 

21 

Mar.  23  8 

•46 

"95 

8 

Sept.    2-0 

22 

172     . 

22 

Apr.     4^6 

•50 

272 

9 

Sept.  17-6 

•12 

207 

23 

Apr.   17^6 

•46 

^P 

10 

Sept.  282 

•04 

240 

24 

Apr.  29^1 

•56 

188 

II 

Oct.    108 

•16 

234     , 

25 

May   li^S 

•51 

275 

12 

Oct.    31-0 

•10 

143 

26 

May  22^7 

•49 

264 

'3 

Nov.  12-2 

•«5 

278 

27 

June  24^2 

•48 

240 

14 

Nov.  21*3 

•08 

289 

28 

Aug.    9*2 

•44 

274 

15 

Dec.     7*6 

•16 

1 

202 

29 

Aug.  17-5 

•36 

N5 

Average  number  uf  observations  forming  a  normal  value,  233. 
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Acconliiig  U)  Dr.  S.  ('.  CbanUler's  researches*  the  variation  iu  lati- 
tude of  a  place  is  dependent  on  two  cycles:  One  having  a  dynamical 
basis,  and  supposed  to  be  the  Euleriau  period  lengthened  out  in  conse- 
quence of  the  earth  not  being  a  rigid  body,  as  explained  by  Prof. 
S.  Newconib;  the  other  of  an  annual  period,,  supjK^scd  to  depend  on 
climatic  conditions  existing  in  the  two  hemispheres.  The  first  i)criod  is 
subject  to  slow  changes,  and  its  length  at  present  is  estimated  as  431 
days.  Tlic  other  period,  of  3f)/>4  days,  is  supposed  less  stable  in  amount 
as  well  as  in  epoch.  The  resultant  of  these  two  periodic  fluctuations 
can  be  represented  by  the  expression 

(p=i  <p^  +  ri  sin  (  ^5f  +  ai  ^  +  n  sin  ^  ^^  t  +  az  ) 
where  /  =  number  of  days  from  the  assume<l  epoch  January  0,  1891, 


and^=^«^^- 


3G0 


For  (po  we  put  37°  47'  28"-33  -f  .r  and 


also  tan  ai=-  and  tan  a..  -  "" 


Pi       431   7^       305-25 
form  the  20  observation  equations  of  the  form 

o  ■-  (po  -  -  (p -{- X  -{-  Sin  ///|  /.  I'l   \-  cos  /;/i  /.  Zi  i  sin  Wj  /.y.,  -f  cos  m.i  /.  z.^ 

where  yi  -  n  cos  ai  an<i  ^.,  ■=^  r^  cos  a: 

ci      n  sin  tri  C; .— /^  s'nwr.'  ri  —  -/n'-  *- zr  ''••    "  V r /^  I ■  s.»-' 

The  normal  equations  become 

29X —  0-3260^1 —   2133021   -    I  0590^,.—-  4'5440ii-f  01 500=0 

fi37S72>'i—  04248 c,  t    7'4752j^— "3361  s.;  — 2-5741  r^-o 

-f  15-24022,  ]  10  $193}':  i     8-92532f2- I  0466  =  0 

-I  13-6656^'..  -    0-3927^..   -2-3283— o 

-fiS3393«:  4-1-4915      o 

Solving,  we  get 

.»■  -•     j- 0-0042  Hence: 

yi        \  01713  «p=37®47'28'^-334-|-o^^i7i  sin(-S3526/i  37) 

ii  -— .    ;  o-oiii  I  o'^  074  sin  (-98563 /-f- 20°  5 )...(</) 

J':  -=  -\-  0-0692 

cj        -    00259 

T1h»  ol)served  values  of  cp  are  rei)resented  as  follows: 


No.        Obsd.  (-oinpM.  C-O.  [\    No.     ,  ObsM.  CompM.  C-  <\        No.       ObsM.  CompM.  t—O. 


I 

2 

3 

4 

5 
6 

7 
8 

9 
10 


//  //  // 

2842  2848  -|-  -06 

•37  -45  -f  08 

•38  41  -i-  -03 

•50  36  —  -14 

•44  '  32  12 

•25  -28  -I-  -03 

•18  -23  f  05 

•22  -iS  —  04 

•12  -15  -f  03 

•04  ^13  -;  09 


II 
12 

»3 

14 

16 

17 
18 

19 

20 


I 


//         //  // 

28^16  2812  -  -04 

•10         ^12  -f-  -02    ' 

•13  -  -  ^02    I 

•14  -f  06    j 

•17  -f  01 

•21  —  03    , 

•27  —  -02 

•29  —  -07 

'33  +  o*  ' 

•42  j-  -04  ; 


// 


// 


// 


•«5 
•08 

•16 

•24 

•29 

•36 
■32 
•38 


21 
22 

23 

24 

25 
26 

27 
28 

29 


28  46  28  46  -: 


•50 

•46 
-56 

•51 
•49 
-48 

•44 
•36 


•49  — 

•50  + 
•51   - 

•52  -f- 

•52  -I- 

•49  4- 
•40  — 

•37  4- 


•00  i 
•01 
•04  ' 
•05  ! 

-01  I 

•03  I 

•01    ; 

•04 

•01 
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While  this  representation  may  be  considered  quite  satisfactory,  even 
here  the  difference  in  the  performance  of  the  two  instruments  is  per- 
ceptible, the  earlier  values  C—  0  being  slightly  larger  than  the  later 
ones. 

The  maximum  and  minimum  values  are  found  from  the  condition 

o  =  Wj  rx  cos  (Wi  <  +  nri)  -f  W2  r^  cos  (iMj  t  +  ^2) 
hence  the  minimum  occurred  for  t  =  295,  or  for  October  22,  1891, 

with  the  latitude  37  47  28-118 

and  the  maximum  occurred  for  t  =  501,  or  for  May  15, 1892, 

with  the  latitude  37  47  28-517 

giving  a  range  in  latitude  of  0"-40. 

The  curve  shown  in  the  lower  i)art  of  the  accompanying  illustration 
has  been  computed  for  the  longitude  of  San  Francisco  from  Chandler's 
formula  (48),*  viz: 

^— ^^=-_0''-15cosf/+(/-1875,Nov.l)0o-83527]— O"-15cos(x+0— 320O) 

where  t  is  the  Julian  date,  November  1,  1875  (being  the  2  40G  194th 
day),  0  is  the  sun's  longitude.  Computation  was  made  for  intervals  of 
20  days.  The  time  of  minimum  is  about  November  9,  1891,  and  that 
of  maximum  about  May  17,  1892,  with  a  range  of  0"-2fi+0"-21=0"-47. 

Comparing  the  two  curves,  that  given  by  observation  and  that  given 
by  computation,  the  latter  as  the  result  of  an  extended  research  of  the 
X)henomenon,  we  iiud  a  very  close  accord  in  their  general  run,  sufficient 
to  inspire  much  confidence  in  the  results  deduced  so  far.  We  find  the 
observed  minimum  18  days  earliert  and  the  observed  maximum  varia- 
tion 2  days  earlier  than  the  times  given  by  formula  (48),  with  an 
observed  range  of  0"-40  and  a  computed  range  of  0"-47. 

On  the  same  diagram  there  are  also  shown  parts  near  the  minima  of 
the  computed  curves  by  formula  (48)  for  Waikiki,  near  Honolulu,  for 
liockville,  near  Washington,  I).  C,  and  for  Berlin,  Germany.  These 
curves  exhibit  the  gradually  decreasing  minima  as  the  instantaneous 
pole  of  rotation  is  traveling  eastward.    The  minima  for  these  places 

occur  about  the  time  indicated  by  a  short  vertical  bar. 


*  See  (;onl(r8  Ast.  Jour.,  Nos.  277,  284,  and  307,  of  Nov.  14,  1893. 
t  The  uncertainty  may  amount  to  a  week  or  more. 
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OOMPABISON  OF  THE  RESULTS  FOB  VARIATION  OF  LATITUDE  AS 
DEDUCED  FROM  THE  OBSERVATIONS  MADE  BY  THB  COAST  AND 
GEODETIC  SUBVEY  AT  THE  THBEE  STATIONS,  WAIKIKI,  SAN 
FRANCISCO,  AND  BOCKVILLE,  1891-02. 

To  bring  these  results  under  one  view  the  observed  values  for  lati- 
tude at  Waikiki  have  been  represented  by  two  periodic  functions, 
one  of  431,  the  other  of  365^  da3*s,  the  same  as  was  done  for  San 
Francisco^ 

Tlie  data  for  Waikiki  are  taken  from  page  155,  Appendix  No.  2, 
Keport  for  1892.    These,  together  with  the  results,  are  as  tbllows : 


;  N„. 

1 

Date. 
189I. 

No.  of 
pairs. 

No.  of 
nights. 

Obs« 

irvcd 

n 

f 

ComnM 

c-o. 
// 

1 

/ 

I 

June  II 

94 

II 

162    24 

48 

2448 

•00 

2 

24 

96 

8 

175 

50 

•43 

-07 

3 

July  14 

99 

8 

"95 

32 

•34 

-[-•02 

4 

29 

91 

9 

210 

'21 

•27 

-f-o6 

5 

Aug.  9 

100 

9 

221 

14 

•23 

+  09 

6 

21 

93 

7 

233 

'21 

•18 

-03 

7 

Sept.  7 

112 

8 

250 

18 

•13 

-•05 

8 

27 

104 

7 

270 

09 

*IO 

I--OI 

9 

Oct.  18 

90 

9 

291 

15 

•09 

—  •06 

lO 

Nov.  6 

92 

8 

3>o 

12 

•II 

•01 

II 

24 

100 

10 

328 

18 

•16 

—  -02 

12 

Dec.  17 

119 

II 

351 

29 

•25 

—  04 

>3 

30 
1892. 

91 

8 

364 

29 

•31 

4- -02 

14 

Jan.  16 

lOI 

10 

381 

26 

•39 

-h->3 

>S 

28 

91 

6 

393 

45 

•45 

•00 

i6 

Feb.   9 

94 

6 

405 

42 

•5' 

-f-09 

n 

22 

lOI 

9 

418 

55 

•57 

4- -02 

i8 

Mar.  3 

lOI 

8 

428 

•73 

61 

-12 

>9 

16 

81 

8 

441 

70 

•65 

-05 

20 

Apr.  2 

89 

10 

458 

76 

•68 

—•08 

21   1 

22 

86 

10 

478 

■67 

•69 

-f -02 

22 

May  6 

96 

II 

492 

61 

•68 

-I--07 

23 

22 

97 

9 

508 

'65 

•63 

•02 

24 

June  6 

96 

12 

523 

■55 

•59 

4- -04 

25 

21 

54 

7 

538 

•56 

'53 

—  03 

2 

2368 

219 

The  equation 


(p  =  210  16'  24''-372  +  0''-100  sin  (-83520  t  +  87o-4) 

+  0"-23r>  sin  (-98563  t  +  330o-4) 


(h) 


represents  the  observations  and  leaves  the  differences,  computed  minus 
observed,  as  shown  in  the  last  column  of  the  table. 

It  is  plain  that  the  two  periodic  terms  are  not  fully  separated,  owing 
to  the  shortness  of  the  series,  so  that  we  have  to  take  the  expression 
for  nothing  more  than  a  representation  of  the  observations. 
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The  probable  observing  error  of  a  single  determination  for  latitude 
at  this  station,  Assistant  Preston,  observer,  was  found  as  follows: 


Nos. 

Prob.  error. 

Group       I 

123 

±c/'-24] 

III 

274 

C/^'2I 

V 

257 

C//«20 

VI 

3" 

C/'-2I 

I 

2|1 

c/^-i9 

Mean  from  1206  obser*s 
^0=  ^0^^*21 


In  deducing  this  value  the  individual  results  by  each  pair  were  cor- 
rected for  change  in  latitude. 

The  discussion  of  the  RocJcvilley  Md.j  series  apparently  brought  out 
some  large  deviations  from  p.  regular  variation,  and  in  particular  toward 
the  end  of  the  observations  tliere  appeared  a  high  value  of  the  latitude 
about  the  close  of  April,  1892,  followed  by  a  rapid  falling  off.  That 
this  was  not  due  to  any  real  change  in  latitude  could  be  taken  for 
granted,  but  its  origin  had  to  be  sought  in  the  comparative  shortness 
of  the  groups  and  especially  in  their  loose  connections. 

Returning  to  the  table  of  the  14  normal  values  given  on  page  51  of 
Appendix  No.  1,  Report  for  1892,  which  are  now  represented  by  a  single 
periodic  function  of  a  length  of  387  days,  which  has  been  taken  for  the 
rough  interval  at  this  time  between  two  successive  minima  or  maxima. 

The  formula 


(p  =  390  05'  10"-45  +  0"-19  sin  (0-9;35  t  -  42o.l) 


•W 


represents  the  observations  as  shown  by  the  residuals  C  —  0  in  the 
last  column  of  the  table  of  data  below : 


No. 


I 

2 

3 

4 

5 
6 

7 

8 

9 
10 

II 

12 

13 
14 


Date. 


1891. 
June  21 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 

1892. 
Jan.  20 
Feb. 
Mar. 
Apr. 
May 
June 
July 


17 
12 

17 
14 

IS 


14 

20 

18 
15 

«4 

8 


No.  of 
pairs. 


90 
126 

77 
288 

'7' 
190 

i<7 

9' 

39 

95 
108 

149 

205 

43 


No.  of 
nights. 


Observed 


Comp'd 


C-O 


9 

8 

19 
12 

'5 
9 

9 

4 

II 

12 

13 
16 

3 


.2?  ^=1789        146 


172 
198 
224 
260 
290 

318 
349 

385 
410 

445 
474 
501 

53' 
555 


// 

1081 

•53 

47 

•39 

30 
•25 

•43 

21 
•34 
'39 
•73 

•71 

•56 

•45 


// 

10-62 

•57 

•49 

•38 

•3' 
•26 

•27 

•32 

•39 
•50 

•58 

•63 
•64 
•62 


// 

—  19 

-f  04 

-J- 02 

—  01 
-}-oi 

—  16 

+•11 

+  05 

+•11 

-•'5 

—  08 

+  08 
+  <7 


The  probable  observing  error  Co  of  a  single  determination  for  latitude 
was  found  to  be  ±0"'17,  using  1789  values,  which  is  equivalent  to  the 
mean  error  as  found  by  the  observer,  Assistant  E.  Smith  (footnote,  p.  50 
of  Appendix  No.  1,  Ueport  for  1892). 
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The  three  curves  exhibiting  tlie  variution  of  the  latitudes  at  the  Coast 
Survey  stations  are  given  on  Diagram  No.  21,  the  ordinates  or  time  scale 
being  the  same  for  all  The  dots*  about  the  Waikiki  curve  rei)resent 
observed  (mean)  values.  The  local  minima  and  maxima  are  indicated 
by  short  vertical  strokes.     These  phases  compare  as  follows: 


Minimum. 

Maximum. 

1  liter  vnl. 

Kunge  in  lat. 

At  Waikiki* 
San  Francisc ) 
Rockville 

Oct.     12,  1 89 1 
Oct.     22,  189I 
Nov.  30,  1 89 1 

Apr.    18,  1892 
May    15,  1892 
June   10,  1892 

Average 

Da  vs. 
1S9 
206 

193-5 

// 

06 1 
040 
0-38 

' 

196 

•Aoconlin<?  to  AHsiataiit  Prcstou's  computation  (Aj)]).  2,  l?ep.  for  1892), 
lining  throe  terms  of  a  Fourier  Beries,  the  dates  of  the  extremis  values 
arc  September  11, 1891,  and  April  2, 1892. 

We  have  also  the  time  required  lor  the  minimum  to  shift  frcmi  tlie 
longitude  of  Waikiki  to  that  of  Kockville,  41)  days,  and  the  correspond- 
ing time  for  the  maximum  i)hase  is  5;j  days,  or  a  mean  value  of  5L  days 
for  a  change  of  longitude  of  80^  40'.  This  motion  of  the  phase  is  at  a 
rate  much  too  fast  to  be  depended  upon,  since  the  uncertainty  in  the 
time  of  any  one  of  the  minima  may  be  estimated  at  lialf  a  month  or 
more.  The  observations  made  at  Berlin*  show  that  tlie  minimum  was 
reached  there  about  May  5, 1892;  i.  e.,  196  days  after  the  same  was  noted 
at  San  Francisco,  or  2()(>  days  after  it  occurred  at  Waikiki,  which  for 
the  last  place  is  at  the  rate  of  O^'SSO  per  day.  It  is,  however,  prefer- 
able, in  cases  where  the  length  of  the  series  of  observations  admits  of  it, 
to  deal  with  the  two  periodic  terms  separately,  especially  since  the 
annual  period  is  8usi>ected  to  be  very  unstable  as  regards  amplitude 
aud  epoch. 


Report  of  the  Int-ernatitmal  (leodetic  AHHO(;iatiou,  Brussels  uieetin<^,  1892. 


U.S. 


No.  21 


.70 
.65 
.60 
.55 
.50 
.45 
24^40 
.35 
.30 
.25 
.20 
.15 


.40 

.  10  28r35 

.05 


May  J^j^ay    June 
^^        r  20         9 

1891     I 


29 


19  8        18 


'  \ 
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I)ETERMINAT[ONS  OF  LATITUDE,  GRAVITY,  AND  THE  MA(, 

NETIC  ELEMENTS  AT  STATIONS  IN  THE  HAWAIIAN 

ISLANDS,  INCLUDING  A  RESULT  FOR  THE 
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Whilo  engaged  iu  astronomical  observations  in  the  Hawaiian  Islands 
in  1891-92,  in  cooperation  with  the  work  of  the  International  Geodetic 
Association,  occasion  was  taken  to  make  a  continuous  study  for  one 
year  of  the  force  of  gravity  at  Waikiki. 

After  the  work  had  been  completed  at  this  place  an  expedition  was 
undertaken  to  the  summit  of  Mauna  Kea,  an  extinct  crater,  having  an 
elevation  of  13  825  feet.  The  object  of  this  trip  was  the  determination 
of  the  force  of  gravity  at  the  base  and  summit,  from  which  the  density 
of  the  mountain  and  the  mean  density  of  the  earth  might  be  deduced. 
Availing  ourselves  of  the  occupation  of  this  unique  station,  magnetic, 
latitude,  and  hypsometrical  observations  were  carried  on,  besides 
making  a  trigonometric  and  topographic  survey  of  the  great  plateau 
at  an  elevation  of  about  12  500  feet.  When  this  was  done,  some  mag- 
netic observations  were  made  at  other  i)oints  of  the  group,  notably  at 
Napoopoo,  Kealakeakua  Bay,  on  the  lee  side  of  Hawaii,  where  Captain 
Cook  made  similar  observations  in  1779,  and  at  Lahaina,  Maui,  where 
De  Freycinet  had  an  observatory  in  1819.  For  an  account  of  other 
work  done  in  the  Hawaiian  Islands  in  1891-92  the  reader  is  referred  to 
Appendix  No.  12,  Coast  and  Geodetic  Survey  Report,  1891  (Transit  of 
Mercury);  Appendix  No.  13,  Coast  and  Geodetic  Survey  Report,  1891 
(Preliminary  note  on  the  occupation  of  stations  iu  the  Hawaiian 
Islands);  Appendix  No.  2,  Report  for  1892  (On  the  variation  of  latitude 
at  AVaikiki,  near  Honolulu,  from  observations  nmde  in  connection  with 
the  International  Geodetic  Association),  and  Bulletin  No.  28,  on  the 
Constant  of  Aberration. 
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The  following  report  has  to  deal  witli — 

I.  Gravity  observations  at  Waikiki. 

II.  Gravity  observations  at  Honolnla,  Kawaihae,  Kalaieha,  and  Waiau  (sammit  of 
Mauna  Kea). 

III.  Latitude  observations  at  Kawaihae,  Kalaieha,  Waiau,  and  Lahaina. 

IV.  Magnetic  observations  at  Kahuku,  Waikiki,  and  Honolulu,  on  Ouhu ;  at  Kawai- 

hae,  Waimea,  Kalaieha,  Waiau,  Hilo,  and  Na^oopoo,  on  Hawaii ;  at  Lahaina, 
on  Maui ;  at  Waimea,  on  Kauai,  and  at  Nonopapa,  on  Niihau. 
y.  Hypsometrical  observations  at  Honolulu,  Hilo,  Kawaiha«,  Waimea,  Kalaicba, 
and  Waiau. 
The  location  of  these  stations  is  shown  in  Illustration  No.  23. 

The  gravity  observations  at  Waikiki  were  made  in  connection  with 
the  International  Geodetic  Association  work.  The  subsequent  deter- 
minations were  carried  on  with  the  cooperation  of  the  Hawaiian  Gov- 
ernment Survey.  The  greater  part  of  the  expense  was  borne  by  this 
Bureau,  and  the  personnel  of  the  party  was  largely  composed  of  mem- 
bers of  the  staff.  Prof.  W.  D.  Alexander,  the  accomplished  surveyor- 
general  of  the  islands,  accompanied  the  expedition  to  the  island  of 
Hawaii  and  remained  with  us  at  all  stations  except  Hilo.  During  the 
occupation  of  the  summit  of  Mauna  Kea  he  assumed  the  difficult  task 
of  making  a  trigonometrical  survey  of  the  plateau.  The  peaks  have 
an  altitude  of  nearly  14  000  feet  and  are  composed  largely  of  scoria  and 
red  volcanic  sand,  which  makes  the  ascent  one  requiring  extraordinary 
endurance.  In  this  work  he  was  assisted  by  Mr.  J.  M.  Muir,  who  vol- 
untarily accompanied  the  expedition  without  compensation  and  whose 
services  were  of  great  value.  The  other  members  of  the  party  were 
Mr.  W.  E.  Wall,  Mr.  E.  D.  Baldwin,  and  Mr.  W.  W.  Cliamberlain,  of  the 
Government  Survey  staff.  Mr.  Louis  Koch  performed  the  duties  of 
steward,  a  service  of  some  difficulty  and  of  great  imix)rtauce  to  a  party 
encamped  above  the  clouds,  and  Kauwe,  an  intelligent  Kanaka,  acted 
as  guide  both  during  the  ascent  and  on  f he  return.  In  the  computa- 
tions I  had  the  help  of  Mr.  C.  C.  Yates  during  the  latter  part  of  the 
work. 

PRELIMINARY  AND   CONCLUDINa  OBSERVATIONS  AT  WASHINGTON. 

The  gravity  work  of  1891-92  was  entirely  of  a  differential  character. 
The  continuous  determinations  at  Waikiki  simply  required  that  the 
pendulums  should  receive  no  accident  during  the  year  of  occupation, 
while  the  observations  for  the  density  of  Mauna  Kea  only  made  it 
necessary  to  guard  against  accident  between  tlie  times  of  swinging  at 
the  base  and  summit  of  the  mountain.  It  is  evident,  however,  that  if 
the  periods  of  oscillation  of  the  three  pendulums  are  determined  in 
Washington  before  leaving  on  the  expedition  and  again  on  the  return 
an  agreement  of  these  two  determinations  will  give  increased  confi- 
dence in  all  the  work  executed  during  the  trip.  In  April  1891,  the 
following  values  were  found  for  the  periods  of  oscillation  of  pendulums 
Bij  B2y  and  B3  at  the  Smithsonian  Institution.     They  are  reduced  to 
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a  temperature  of  15^  CL,  a  pressure  of  500"°*  at  0^  C,  to  an  infinitely 
small  arc  and  sidereal  time. 


B,  =  0-500  782  8» 

Bi  =  0-500  696  2  J^Mean  =  0-500  703  8» 


2  8»] 

(>2  \y 

Bz  =  0-500  632  5  J 


Before  the  return  of  the  expedition,  iu  October,  1892,  the  base  station 
at  Washington  had  been  transferred  from  the  Smithsonian  Institution 
to  the  Coast  and  Geodetic  Survey  Office.  The  periods  were  therefore 
determined  at  the  latter  place. 

The  following  is  the  result: 


Bi  =  0-500  779  4«1 
B2  =  0-500^95  0 
^3  =  0-500  631  3 


>  Mean  =  0-500  701  9« 


A  comparison  of  the  above  values  gives  a  diminished  period  for  all 
three  pendulums.  We  have  the  excess  of  the  time  of  oscillation  in 
April,  1891,  at  the  Smithsonian  Institution,  over  that  in  December, 
1892,  at  the  Coast  and  Geodetic  Survey  Office,  as  follows: 


For  ^1  =  +  0-000  003  4-1 
B2=  +  0000  001  2 
i?3  =  +  0-000  001  2  . 


>  +  0-000  001  9- 


These  two  stations  were  connected  by  simultaneous  determinations 
of  gravity  by  Mr.  Putnam  and  Mr,  Von  der  Trenck.  The  result  gave 
an  excess  of  the  period  at  the  Coast  and  Geodetic  Survey  Office  over 
that  at  the  Smithsonian  Institution  of  0-000  000  5".  So  that  we  have  a 
mean  decrease  in  the  period  of  oscillation  of  the  B  pendulums  conse- 
quent upon  the  work  outside  of  the  United  States  of  0-000  002  4».  This 
is  about  1  part  in  400  000.  When  we  consider  that  these  pendulums 
were  in  continual  service  for  more  than  a  year  at  Waikiki,  that  they 
were  transported  on  mule  back  to  an  elevation  of  over  13  000  feet, 
where  the  observations  were  made  under  difficult  and  adverse  circum- 
stances, and  that  numerous  other  stations  were  occupied  in  the 
Hawaiian  Islands  and  in  this  country,  this  close  agreement  between 
the  periods  of  oscillation  before  and  after  the  expedition  mu3t  be 
regarded  as  highly  satisfactory. 

In  regard  to  the  accuracy  attainable  in  the  general  method  of  optical 
coincidences  as  pra(;ticed  in  this  work,  it  appears  to  be  far  beyond 
what  is  necessary.  If  c  =  the  interval  in  seconds  between  two  coin- 
cidences, .and  if  in  that  time  the  pendulum  has  gained  or  lost  one  beat 
on  the  timepiece,  the  time  (t)  of  one  oscillation  is 

c 
2c  i  1 
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The  accuracy  with  which  t  is  determined  depends  both  on  the  length 
of  the  interval  and  the  rate  of  the  pendalum  on  the  timepiece,  but 
principally  on  the  former.  Differentiating  the  above  expression  gives 
approximately 

Where  the  pendulum  period  is  nearly  an  aliquot  part  of  that  of  the 
timepiece  and  the  interval  between  two  coincidences  is  15  minutes, 
or  say  1 000  seconds,  an  observation  of  c  to  the  nearest  second  will 
only  produce  an  error  in  the  length  of  the  i)eriod  of  one  part  in  eight 
million. 

The  following  are  the  observations  at  Washington  before  and  after 
the  expedition.  The  computations,  as  well  as  the  observations,  were 
made  by  Mr.  G.  R,  Putnam,  Assistant  Coast  and  Geodetic-  Survey. 
The  arc  corrections  were  computed  by  Borda's  formula.  The  tempera- 
ture coefficient  was  determined  empirically  by  observations  at  high  and 
low  temperatures  in  April,  1891.  The  increase  in  x^eriod  for  lo  C.  increase 
in  temperature  was  found  to  be: 


For  pendulum  Bi 

0-000  004 10- 

B2 

4  22 

B, 

4  08 

The  mean  of  these,  which  is  0*000  004 15«,  was  used  in  the  reductions. 
From  the  coefficient  of  expansion  of  the  pendulum  alloy,  as  determined 
by  the  Office  of  Standard  Weights  and  Measures,  we  get  0-000  004  14». 

The  pressure  coefficient  was  determined  in  April,  1891,  The  mean 
for  the  three  pendulums  was  found  to  be  0-000  000  078  9%  representing 
the  increase  in  period  for  an  increase  of  1™*"  in  pressure  at  0^  C. 

The  coiTCction  to  the  period  is  therefore. 

F 


'^'Li+O.OOSOTi^^^J 


where  P  is  the  difference  between  the  readings  of  the  barometer  and 
manometer  and  t  is  the  temperature.  This  reduces  the  period  to  that  at 
a  pressure  of  500"'"»  at  oo  C. 

The  chronometer  rates  were. determined  in  April,  1891,  ft'om  United 
States  Naval  Observatory  signals,  and  in  December,  1892,  by  time 
observations,  by  Mr.  Putnam. 

The  gravity  work  for  all  the  stations  is  published  according  to  the 
following  scheme: 

Column  1  indicates  the  pendulum. 

Column  II,  the  position  (direct  or  reverse. 

Column  III,  the  number  of  the  swing. 

Column  IV,  the  date. 
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Column  y,  the  number  of  seconds  between  the  first  and  eleventh 
coincidence. 

Columns  YI  and  YII  indicate  the  arc  through  which  the  pendulum 
was  swinging  at  the  first  and  eleventh  coincidence. 

Column  YIII  indicates  the  corrected  temperature. 

Column  IX,  the  manometer  reading. 

Column  X,  indicates  the  barometer  reading. 

Column  XI,  the  pressure  in  the  receiver  at  a  temperature  -of  Qo  C. 

The  uncorrected  periods,  the  different  corrections,  and  finally  the 
corrected  period  in  sidereal  time  are  given  in  the  following  table: 
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Pendulum  obBervaiifms,  Washingtanf  D.  C.  (SfHitksonian  Institution), 

[Observer:  O.K. Putnam.] 


Time  of 

Semi-arc. 

1 

1 

■ 

Pendu. 
lum. 

Po8i. 

tion. 

Swing. 

Date. 

ten  (oinci- 
dence  inter- 

TemF>cr- 
ature. 

■  Manom- 
eter. 

Barom- 
eter. 

Pressure 
ai  o**  C. 

I 

vals. 

Initial. 

Final. 

! 

189I. 

Seconds. 

mm. 

mm. 

°C 

mm. 

mm. 

mm. 

Bi 

D- 

I 

Apr.  15 

3267  0 

5  35 

3  85 

2093 

224*2 

765  I 

500-6 

2 

15 

3266-0 

525 

3«5 

2098 

223*0 

7653 

501-9 

13 

16 

327 10 

5-85 

410 

2093 

228*6 

7687 

499*9 

19 

16 

32600 

530 

380 

21  08 

228*4 

766*9 

4983 

B, 

R 

3 

15 

32525 

5  20 

3*8o 

21 -08 

226*5 

7653 

4984 

4 

15 

32570 

535 

380 

21*18 

2255 

7653 

499-1 

14 

16 

3260*0 

570 

390 

2093 

229-0 

768*3 

499*2 

22 

16 

3261-8 

5-25 

3  20 

2110 

226*2 

767-8 

501  0 

B« 

D 

5 

15 

3645-0 

5*30 

3*55 

21*28 

2037 

765*0 

519-0 

6 

15 

36530 

540 

385 

21-36 

227*2 

764-6 

4967 

15 

16 

1    3600*0 

530 

365 

20*98 

229-4 

7677 

4982 

20 

16 

3662*0 

5*30 

375 

21 -08 

231  0 

7655 

4963 

B, 

R 

7 

15 

36665 

5 -20 

370 

21  40 

226*7 

764-4 

4969 

8 

15 

36700 

5*30 

375 

21*40 

224 '8 

7643 

498-6 

i6 

16 

3681  0 

5*25 

375 

21 -06 

229*4 

767*2 

497*6 

23 

17 

37080 

5*25 

350 

2o*57 

215*4 

7702 

514-2 

B, 

D 

9 

15 

4042-5 

5 '20 

325 

2 1  40 

224*6 

7644 

4988 

lO 

16 

4044*5 

5*35 

375 

20-74 

227*7 

769-2 

501-5 

17 

16 

40545 

5*oo 

320 

21*08 

228-2 

766-9 

498*4 

21 

16 

40470 

5'oo 

320 

21'10 

230*0 

767-8 

497*5 

B, 

R 

II 

16 

4054-5 

5-30 

360 

20*8l 

227*2 

769*1 

501-8 

12 

16 

40535 

530 

370 

20-88 

.230*0 

769-0 

4989 

l8 

16 

4050*5 

485 

325 

21*10 

228*1 

7668 

4984 

24 

17 

40995 

4-80 

3*20 

20^59 

234-8 

7701 

495*9 
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Btduethm  of  pendulum  obitrratioK»,  WatMngton,  D.  C.  (SmilhioHian  ItulilutioM). 
FeriudB  »dno«d  tu  temperalim,  19°  C;  pmaurE,  M0->  it  0°  C. ;  aiv  Inasltoly  muiU (  •idem!  lima 


Pendo- 

Swing. 

Period  uorar- 

naed. 

Comicl 

omi<la« 

ro>thJ«im.lpU«). 

... 

Tempera 

R.le. 

B. 

B, 

B. 

D, 
B. 

■3 
»9 

3 
4 

1 

»5 
i6 

9 
"7 

i8 

H 

4^% 
0-5007698 

;68! 
7680 

0500  6868 
6»S3 
6829 
6836 

0500  6818 
68„ 
6S01 
6;s. 

6174 
6185 

05006174 
6175 
6180 
6106 

—74 

=51 

-73 

— 7( 
—74 
—81 
—61 

—68 
—75 
-70 
—T 

—70 
— 7» 
—71 

-67 

-62 
-73 
-59 
-59 

-69 
-71 

=ii 

-246 
-248 
-246 
-25a 

— IS2 

=SI 
-253 

—261 
-264 
-248 
—252 

-266 

-266 

-2SI 
—  231 

-266 
-238 

-25* 

-3S3 

—241 

—244 
-aS3 
—231 

+  ■ 

+  > 
+  ' 
+  " 

+  3 
+  I 
+  3 

+  2 
+   i 

+  ' 

+   1 

-f  > 
+  a 

+  1 
+  1 
+  3 

Kit 

Direct 

+486 
+486 
+46S 
+468 

ReveiK 

Mean 

+486 

+468 

Direct 
+457 

+468 
Revenc 

Mem 

+457 

+468 
Direcl 

+457 
+457 
+468 
+468 

Reverse 

Mean 

SftdHl/l. 

o'soo  7830 

7814 

0-5007316 

0500  7862 
J8i8 

0500  7839 

ojoo  7828 

0-500  7010 
6974 
G980 

6983 

0-500  6987 

05006951 
6941 

6949 
6910 

0500  6938 

0  500  6962 

0-500  6322 

6334 
6332 

f>3*i 

O'Soo  6333 

0,0063=0 

6ie 

0500631* 

0-500  6334 
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PfttduluDi  obtrrralioni,  Wathingto*,  D.  C.  (Cotut  aMd  Geodetic  Surrey  Offio»). 
lObHirvFr:  G.  K.  Futnua.] 


£ 

POK- 

Swing. 

D.1B- 

No.  or 

Time  ot        SwBtarc. 

Tera- 

Muiom- 

1 

Birom-  1  Piamrg 

w 

Inler- 

'""™"-lni.l.1,|Fto^ 

ture. 

— 

1892. 

^f,>MA.  1  «)».  1  mm. 

'C 

wn 

•Mm 

B. 

D 

•3 

D«.    .4 

14 

3295-4  1  S-3S  1  3-50 

;f^ 

232-9 

^Cb 

SoS-j 

5*1 '8 

14 

'5 

3297-0  ;S-3Sl4'oo 

239-6 

767-4 

'S 

'5 

3^9°S  1  S'jo  1  3'95 

■193 

2393 

767-4 

505 -0 

It. 

IS 

3295-5     5-15    3-80 

11-97 

237 '6 

766-8 

505  9 

31 

17 

16 

3ig2X    S40    3^5 

12-40 

3377 

762-4 

500-9 

3" 

tS 

10 

3^94-5     5  3°  I  3'95 

11-95 

7638 

500-9 

B> 

R 

17 

'S 

10 

3181S     S15 

3-85 

11-17 

ai6-4 

7658 

525-0 

i8 

'5 

3287 'S    5 -'5 

3'8o 

12-35 

246-8 

7655 

495 '3 

'9 

'S 

3*835    5 '30 

3'8o 

12-45 

244-2 

765 '4 

497  5 

33 

18 

6 

32967    S'*o 

4'3S 

..83 

a39'4 

76. -s 

499'4 

34 

18 

3297'9    S'jo 

370 

11  83 

2375 

76- -s 

501-2 

B. 

D 

7 

14 

10 

3719-0  ■  5'40 

3 -So 

11-20 

241-5 

762-6 

499-6 

8 

u 

3725-0  ;  5-40 

4-00 

11-30 

243-' 

762-8 

498-2 

9 

14 

3713-0    5-40 

3*90 

11-40 

240-4 

762-5 

500-2 

z6 

17 

3706-0    535 

3-80 

"■93 

242-8 

761-9 

496-4 

'I 

«7 

3705-0    5-30 

3-80 

11-95 

240-0 

761-6 

498-8 

aS 

>7 

ID 

37rM-S     5-30 

3 'So 

12-00-    239-2 

76.-0 

498-9 
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Stdvctionof  pattdulum  obifrralioni,  fFaihlngt^n,  D.  C.  (CoattandQeodtlieSurteii  Offiee). 
[Farl«la  ndocKl  to  tampcntoiD  ISo  C;  prauaiA.  M)0»  at  0°  C;  mto  IsOnltely  niul];  *ldera*Ltliiia.] 


PeriiHl  uMor- 

rcDlh  decimal  place). 

'- 

Swing. 

Arc, 

-■zr- 

p™„. 

Kate. 

Feriort  cotrerted. 

Seftmds. 

StfoaJ!. 

B, 

'3 

o-Soo  7598 

—68 

+  114 

—  6 

+  i5a 

O'joo  7S00 

14 

7594 

—77 

-\  1*9 

—  4 

+  142 

784 

15 

759! 

-75 

+117 

-  4 

+142 

785 

16 

-7a 

+  116 

-  s 

+  14* 

789 

3' 

-65. 

+  108 

-  1 

+  '44 

79a 

8i 

3" 
17 

7600 
0-500  7630 

-75 
—71 

+  117 

-  I 

+  "45 
Direct 

+  141 

795 

o-soo  779" 

0-500  7798 

18 

76.6 

—71 

+  4 

+  142 

800 

19 

7615 

-73 

+  106 

+    3 

+  142 

S02 

33 

7595 

-80 

+  «3Z 

+  MS 

792 

a, 

34 
7 

759* 

O'Soo  6713 

-7« 
-74 

+'32 
+158 

+  145 
Reveise 

+  162 

797 

0  Sw  7798 

0  500  7794 

0500  6959 

8 

6710 

-78 

+  154 

+    I 

+i6a 

959 

9 

6714 

-76 

+149 

+162 

959 

26 

f>ns 

-74 

+  127 

+  3 

+  "43 

954 

27 

67S7 

-73 

+126 

+  I 

+  "43 

954 

as 

6758 

-73 

4.114 

+  1 

+  "43 
Direct 

953 

0-500  6956 
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PmdHtum  oftMrvaJJMf,  Wathinglon,  D.  C.  (Coatl  and  GttxMia  SwT«y  OjRm). 
[OhMTver;  Q.  S.  pDUuun.] 


No.  of 

Time  of 

SBini-arc. 

Pen- 

Tern. 

Muiom- 

lion. 

Swing. 

?:~ 

rtci. 

"SSr"" 

Mo°C. 

?^: 

Intervali. 

Inlti.1 

PliuU 

1893. 

SiCOHd!. 

~ 

~ 

"C. 

mm 

mm 

B. 

■R 

10 

Dec.  14 

10 

3730*5 

i-35 

3-65 

M-SO 

243-6 

762-2 

A^ri 

>4 

3726-0 

s-=s 

3-75 

.1-67 

241-7 

762-4 

498-4 

14 

3733 '5 

5-ao 

3-«o 

1177 

244-0 

7627 

4963 

29 

"7 

10 

3713-0 

S-3'' 

3-90 

12-13 

244 '0 

760-0 

49J-0 

30 

>? 

10 

3709'5 

S-30 

3-80 

.2-27 

241  ■! 

760-0 

495-6 

B, 

D 

, 

12 

12 

41  Ml 

S-90 

3-60 

11-45 

235-2 

774-9 

517-0 

'3 

4143'5 

5-25 

3-40 

10-90 

2415 

7726 

509-7 

3 

13 

4145-5 

5 -20 

3-45 

1097 

25 '-4 

771-9 

498-4 

IS 

4092-9 

S-to 

310 

1255 

2400 

766-6 

502-4 

16 

4096-5 

4-8S 

3-30 

12-23 

244-8 

767-9 

499-7 

21 

.6 

ij 

4096-2 

4-90 

3-15 

12-27 

241-6 

7678 

502 -s 

B. 

R 

4 

'3 

ID 

4125-0 

4-8S 

3-30 

11-13 

239-6 

770-7 

509-2 

1 

'3 

4129-0 

4-85 

3-30 

U-25 

=54 '9 

769-8 

493-6 

13 

4125-0 

485 

3-30 

"■33 

246-7 

769-2 

5007 

"J 

16 

4083 -5 

4-85 

3-30 

13-40 

243-5 

766-8 

499-6 

a4 

16 

40810 

4-85 

yio 

12-45 

241  4 

766'5 

501-2 

25 

16 

10 

4o8o'o 

4-85 

330 

11-45 

239-6 

766'4 

502-8 
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Ftduetiom  of  pmiuluttt  obferration*,  JVathinglOH,  IK  C.  (Coait  and  Geodetic  Survey  OJfire). 
[Pariod*  ndnowl  to  tempcnHnTe  Itfi  C;  preHaurv,  MO"  ■!  V  C.;  are  iDflBlw>))'  amiU;  tldomil  lime.) 


Pindu. 

lum. 

wctad.™' 

Correctloos  (in  MTUilh  ileci 

Ul  piKD). 

Swto,. 

.„. 

Tcmpimi- 

p™™„. 

«.,.. 

Punod  cwreiuid. 

SteonJi. 

SroBu'j. 

B, 

0-500  6710 

—71 

+  '4S 

+  3 

+  162 

O'Soo  6949 

6719 

+  138 

+  1 

+  .62 

949 

67^3 

-7" 

+  134 

-f  3 

+  i6a 

95' 

'9 

674| 

—74 

+  1.9 

+  6 

+  143 

936 

3° 

6748 

-73 

+  "3 

+  3 

+  '43 

934 

0-500  694  4 

B, 

0500  Coys 

-78 

+  M7 

-i 

Mean 
+i6a 

0-500  6950 

0-500  6190 

604. 

-6s 

+170 

+  162 

3(w 

3 

603S 

=11 

+167 

+  I 

+  .6a 

303 

6116 

-i-IOJ 

+142 

300 

6110 

-S8 

+  115 

+  143 

310 

B, 

6iti 

O'5oo6o68 

-J6 
^58 

+  113 

+  161 

+  143 
Direct 

+  l6i 

309 

0500  6303 

0500  6326 

5 

606a 

-58 

+  1S6 

+  S 

+  161 

3»7 

6 

6068 

-S8 

+  153 

-(-162 

3*3 

*3 

-58 

+  108 

+  143 

3*3 

H 

6134 

-S3 

-I-106 

+  '43 

324 

2S 

6'3S 

-58 

+  106 

+  '43 

Reveoe 
Mean 

3^ 

0-500  6324 

0  500  6313 
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GRAVITY  OBSERVATIONS   AT  WAIKIKI. 

For  a  tlescriptiqn  of  this  station  it  will  bo  safficient  to  refer  to 
Appeudix  No.  2,  Eeport  of  Coast  and  Geodetic  Survey  for  1892. 
The  pendulum  apparatus  has  been  described  by  Mr.  G.  E.  Putuian  in 
a  special  report  by  the  Superintendent  on  the  "Determination  of 
gravity,"  Api)endix  No.  15,  Report  of  Coast  and  Geodetic  Survey  for 
1891.  This  paper  may  be  consulted  for  all  details  of  construction  and 
manipulation.  A  general  view  of  the  apparatus  is  shown  in  illustra- 
tion No.  24. 

The  observations  for  the  force  of  gravity  at  Waikiki  were  begun  on 
June  9, 1891,  and  continued  until  June  II,  1892.  During  this  time  199 
.  nights'  work  were  obtained.  The  determinations  were  limited  to  those 
nights  on  which  satisfactory  star  observations  could  be  made,  and  the 
pendulum  was  swung  during  the  time  that  the  regular  international 
latitude  investigations  were  carried  on.  This  made  the  duration  of 
the  swings  somewhat  variable,  but  the  pendulum  in  nearly  every  case 
was  allowed  to  oscillate  for  several  consecutive  hours.  The  plan  gen- 
erally followed  was  this :  In  the  early  evening,  after  one  or  two  pairs 
of  stars  had  been  obtained  for  latitude,  one  circumpolar  and  several 
time  stars  were  observed  with  the  instrument  in  the  position  *' clamp 
west."  The  pendulum  was  then  started,  after  which  the  meridian 
telescope  was  reversed  to  the  position  "clam^)  east'-  and  a  few  more 
stars  taken.  A  circumpolar  was  obtained  in  the  second  position  when 
possible,  but  this  was  not  considered  essential.  The  advantage  of  the 
foregoing  scheme  is  that  the  pendulum  apparatus  has  time  to  take  the 
evening  temperature  before  beginning  the  swing,  and  that  the  begin- 
ning of  the  swing  is  referred  to  the  epoch  of  the  reversal  of  the  instru- 
ment. The  telescope  was  allowed  to  remain  with /<  clamp  east"  until 
,   the  close  of  the  night's  work,  when  another  half  set  was  observed. 

Inasmuch  as  we  desire  only  differential  rates  for  the  chronometer, 
we  have  here  the  corrections  determined  before  and  after  the  swing 
almost  entirely  independent  of  the  instrumental  constants.  The  eifect 
of  azimuth  wa^  entirely  eliminated  by  observing  stars  north  and  south 
of  the  zenith.  The  level  was  directly  observed,  but  since  the  instru- 
ment was  not  reversed  during  the  swing,  the  change  was  inappreciable, 
and  whatever  the  collimation,  as  there  was  no  reversal,  its  effect  on 
the  difference  of  the  clock  corrections  is  insignificant. 

The  instrumental  constants  were  quite  small  during  the  entire  year. 
Moreover,  since  the  same  stars  were  observed  from  night  to  night  the 
chronometer  rates  are  independent  of  any  errors  in  the  right  ascen- 
sions. It  is  believed  that  this  work  reaches  all  the  accuracy  attainable 
with  this  set  of  instruments.  Tlie  arrangement  of  the  time  observa- 
tions, the  method  employed  of  interchanging  the  pendulums,  and  the 
precautions  taken  in  the  temperature  and  pressure  conditions  seem  to 
exhaust  the  precision  of  manipulation,  so  that  any  discrepancies  must 
be  attributed  either  to  the  construction  of  the  instruments  or  to  real 
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differences  in  the  force  of  gravity.  The  principal  defect  in  the  appa- 
ratus was  in  the  means  of  reading  the  amplitude  of  oscillation.  At 
the  beginning  of  the  swing  the  half  amplitude  was  usually  about  1^,  or 
a  distance  of  S'"""  on  the  scale  at  the  x)endulum  point,  which  is  297"™ 
below  the  knife  edge.  After  an  hour  and  a  half  this  half  amplitude 
had  decreased  to  about  0^'5  or  to  3"*"*,  and  the  correction  to  reduce  the 
time  of  one  oscillation  to  what  it  would  have  been  in  an  infinitely  small 
arc  is  O-OOO  005  6».  Now.  an  error  of  one-tenth  of  a  millimetre  in  esti- 
mating  the  amplitude  would  produce  an  error  of  rather  more  than 
one  ten-millionth  of  a  second  in  the  correction  for  arc,  so  that  we  may 
assume  that  the  uncertainties  arising  from  the  scale  readings  do  not 
materially  affect  the  deduced  period  as  much  as  the  millionth  part  of 
a  second. 

The  change  of  gravity  for  a  small  change  in  the  latitude  of  the  place 
may  be  obtained  by  differentiating  the  equation 

g=G  +  I>  sin*  (p 

where  G  is  the  force  of  gravity  at  the  equator,  and  D  is  the  increase 
in  this  force  in  passing  from  the  equator  to  the  pole,  the  unit  being 
taken  in  metres.    For  a  value  of  <p  =  21^  16'  we  get 

d{f  =  0-0338  dq^ 

A  change,  therefore,  of  1"  in  the  latitude  would  give  a  change  of 
0-0338  1  1 

206000  ^"^  6l(k)"000 ^^ ^ °^®*'*®  "'  ^^^  ^^^^^^ ^^ ^ ®^^'  ^ ?^ ^^^^^ 60  000 000 
of  the  total  force  of  gravity. 

The  change  of  latitude  at  Waikiki  during  the  entire  year  being  six- 
tenths  of  a  second,  the  force  of  gravity  would  not  be  disturbed  from 
this  cause  more  than  1  part  in  100  000  000. 

The  following  table  contains  the  chronometer  corrections  and  instru- 
mental constants  from  June  4, 1891,  to  June  11, 1892.  The  value  of  the 
collimation  is  given  with  its  appropriate  sign  for  the  position  of  the 
•telescope  with  the  clamp  on  the  west  side.  The  azimuths  are  given 
for  those  positions  in  which  a  determination  was  made.  When  no  stars 
of  sufficiently  high  declination  could  be  obtained  to  bring  out  this  con- 
stant, that  of  a  preceding  or  following  day  was  used  and  the  corre- 
sponding tabular  space  is  left  vacant. 
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Clock  rates  and  instrumental  constants,  JVaikiki,  Hawaiian  Islands, 
[Xegns  sidere«l  chronometer  No.  1825.    Observer:  E.  D.  Preston.] 


. 

Azimuth. 

Date. 

Epoch 
(sidereal  time). 

Correction. 

Daily  rate. 

Collimation 

E. 

w. 

1891. 

A.     m. 

m. 

J. 

Seconds. 

S^cotids. 

Seconds. 

Seconds. 

June     4 

n  30 

+  2 

992 

6-60 

-f-006 

-I-019 

6 
9 

16     00 

IS    40 

2382 
44*90 

7-06 

7  34 
7-40 

7*37 
6-88 

—   -09 

-f   -07 

—   -62 

— 0-22 

10 

15    45 

5224 

—  -09 

—   -62 

II 

15    30 

5957 

-18 

-f  -15 

—    42 

12 

15    30 

694 

13 

14    30 

-h3 

13-54 

6-24 
6-67 

6-43 
667 

6-97 
6*6o 

—    25 

—   07 

4-   -05 

IS 

14    30 

26  02 

-  '55 

-  -59 

—  -80 

16 

13     15 

3237 

+  71 

17 

14    30 

3914 

•00 

-f    58 

4-  n 

18 

14    30 

4581 

—    23 

4-  -42 

19 

14    30 

5278 

4-   09 

-f  -12 

—  -oi 

22 

14    30 

+4 

12-58 

6-68 

—    16 

—  16 

24 

15    30 

26-21 

6*r6 

-f     -12 

—   05 

+    ZZ 

25 

16    30 

32-62 

\J    1 VI 

6-58 
689 

6'6i 

+      18 

26 

15     25 

3893 

4-    16 

4-  -28 

27 

14    30 

45  53 

+  -17 

-f    06 

28 

15     30 

5242 

V/     V/  m 

636 

+  -05 

•00 

30 

14    30 

+5 

489 

-f-    10 

-h  -37 

July      4 

16     10 

—2 

29*29 

6-64 

6-36 
704 
7-15 
7-20 

6-59 
6-/6 
690 
776 
725 
719 
6-63 
6-79 

+    30 

7 
8 

18    00 
17    50 

887 
2-56 

-f    10 

4-    -21 

-f    04 

—    -22 

17 

18    30 

—0 

5920 

-J-    -22 

—    14 

18 

17    50 

5226 

+  -27 

—  -26 

—     60 

22 

18    30 

23-26 

+   -27 

•     23 

17    45 

16-86 

-      15 

-f   -41 

24 

1               26 

17  45 

18  30 
18    00 

+0 

lOIO 

2-99 
4  62 

—  -II 

—  03 

-f    03 

-     05 

4-  -04 

27 

17     45 

II  80 

•08 

-j-    -21 

i         ^^ 

17    45 

26-18 

—     03 

—    -12 

1         30 

19    00 

zy^^ 

—    'lO 

4-  -13 

31 

17    45 

39-60 

•00 

—    12 

00 

Aug.    2 

18     15 

5271 

6  50 
6-25 
6-57 

693 
697 

7-09 

7  24 

7H 

7*34 
711 

7-02 

6-96 

6-76 

6-19 

6-13 

6-16 

—    -07 

4-    01 

+  -13 

3 

18     15 

5896 

—    -21 

4-    '22 

4-    19 

4 

17     45 

+  1 

5-40 

—      11 

4-  -23 

-f    Zi 

5 

17     30 

12-26 

-      14 

4-  -25 

4-  '31 

6 

18    00 

1938 

-h     04 

4-    -21 

4-   06 

7 

17    45 

26-40 

-h    05 

4-  -34 

4-  -32 

10 

17    30 

4807 

-f  -04 

*—  -57 

-   36 

II 

17    45 

55-28 

-  -05 

—  -49 

—  -40 

«3 

17     30 

+2 

991 

—    04 

—  -42 

—   32 

14 

17    30 

1 7  02 

-f    05 

-  -31 

•00 

15 

17     30 

2404 

4-  -05 

—    23 

—   31 

16 

17    30 

31  00 

-   03 

-    14 

-  -38 

20 

19    30 

5804 

4-  -lo 

-  -37 

—    -22 

22 

19    30 

+3 

IO-42 

+    05 

•00 

—      19 

23 

'9     30 

16-55 

-f    07 

—    15 

-     38 

25 

22    00 

29-52 

634 
6-04 

—  -07 

-  -37 

26 

19    00 

3507 

—   06 

—  -18 

4-  -11 

29 

19    00 

53-20 

—  -08 

4-  -12 

22     30 

5406 

6-53 

31 

19    00 

+4 

626 

—  -07 

—  -45 

—  -07 

*On  August  8  telescope  moved  eastward. 
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Clock  ratea  and  iititrtuMHtal  eoKilaiilt,  Waikiki,  Hamaiian  Iilandi — CoDtlnned. 
(K«gua  ildtTMl  vhronoineler  No,  ISK.    ObMrvert  S,  U.  PtviMd.) 


«M.., 

Ailmulh.               1 

Data. 

Con 

ectlon. 

Dull-  r.iL-. 

^■ 

w. 

■  S9I. 

•t.     »i. 

«r 

, 

Sriands. 

SeemJi. 

StCBttdi. 

StiottJj. 

Sept.    2 

19    00 

— 1 

40-30 

6-47 

~-      13 

—      07 

-    -17 

6 

19    00 

"4  43 

■00 

—  -41 

14-03 

9 

19    00 

55-59 

015 
fii9 
628 
648 

-  -OS 

—  '33 

-   '18 

19    00 

37-01 

—  -07 

-    30 

IS 

19    00 

iS'iH 

—  06 

-  -36 

-  ;33 

"7 

20    JO 

f!^ 

—  -03 

—  -47 

iS 

19    00 

58-63 

—  -4" 

'9 

19    00 

52-18 

-  -37 

-     -26 

'3 

16-.7 

—  -05 

-    12 

16 

19    00 

684 

%l\ 

-  09 

—  -19 

27 

006 

-  09 

—   42 

38 

19    00 

+0 

628 

Ocl.      4 

12    30 

12    34 

4658 

6-43 

-10 

—    60 

a    '3 

4746 

5 

12       30 

S3  08 

—  'Go 

22     34 
s     '3 

iis 

656    . 

-   27 

8 

12     30 

+1 

1175 

-  -60 

2i     34 

2    IS 

13-80 

6,, 

-  -43 

22    30 

25  S  7 

—  -oS 

+  -70 

22      34 

IS  56 

16-07 

-t-  -09 

■4 

12       30 

5' -97 

6-;! 

+   -11 

+   --3 

16 

22       30 

"    33 
2     .5 

+2 

4-99 
4-98 

5-y9 

6-60 

+   -'3 

+   -20 

+  -13 

22      30 

44-60 

+    09 

-(-  -10 

11    55 

44G1 
4510 

6S3 

18 

21       JO 

11     54 

+i 

ij-80 

2J-SO 

2453 

673 

-^ 

—  -31 

30 

i  f. 

3716 

37-26 

6'S4 

+  -11 

+  -fs 

+  -'o 

2  15 

38-^4 

3' 

21  30 

22  32 
1      15 

4380 

43 -Si 
4478 

6.3, 

-(-  -10 

Not.    r 

11  r> 

2  15 

-3 

9-82 

9-82 
8-84 

f'ii 

—   -04 

+   -o? 

+  -08 

4 

l^iS 

-2 

50-81 
50-82 

(>i3 

—  '04 

—  -06 

1  15 

49-84 

6 

7 

22      30 
21       37 

1     IS 

12       JO 

38-16 

37-06 
3 '-67 

649 

-■■04 

—  -32 

13    00 

25-50 

—  -as 

-  -18 

23    01 

25-49 

6-29 

I    30 

14-90 

U.    S.   COAST  AND   GEODETIC   BUEVEY. 
■•  and  ttutmmenUtl  oontlanlt,  Watkilei,  Haiiaiian  Iilanit — ContiniMd. 


p»..™.l 

Admulh. 

Epoch 

IWlynu. 

CoUimmUon 

1 

W. 

K.         1        w. 

189.. 

A.     m. 

m           1 

&conili. 

SecBHiii. 

S/r<m4s. 

St.BHdl. 

Nov.  IS 

I      00 

~t     59-86 

6-38 

00 

■00 

+  ;35 

'3 

23      30 

54  >4 

+    30 

13    37 

»    '5 

S4'i3 
53-3' 

6-40 

M 

23      30 

4774 

+  -05 

32      37 

47-78 

663 

a    IS 

46-74 

>7 

23      30 

27-86 

—  -03 

33      36 

2      "S 

3786 
36-75 

6-90 

<9 

0     30 

s  30 

S     44 
0     30 

0    3S 
5    30 

-I     '3-45 

00 '40 

00 -45 

-0    S90O 

6-53 

6-6i 

+  -13 

+    -30 

+1-97 

+.75 

I     30 

S3S' 

6-48 
6-59 
6-70 

+  -u 

-f  -18 

+   -47 

13 

4716 

+    -13 

+  -37 

zS 

HZ2 

[-  -04 

Fn.mN0T.7> 

+  -21] 

30 

0    30 

00-96 

—  -at 

+     67 

4-     -31 

0    36 

00-85 

6-43 

s  30 

+0    oo-ii 

Dec.     1 

0    36 

03-46 
05-45 

6-43 

+    -33 

5    30 

06  j6 

+  -55 

5 

31-33 

+    -4' 

5    30 

3^-55 

6-43 

+   -IS 

s  33 

3»-55 

6 

0    30 

37-63 

b-60 

+  -IS 

Krom  Dee.s 

+  -44 

7 

44-36 

-  -05 

f  -57 

+  -33 

9 

0    30 

57-^6 

0    35 

57-28 

r,.„ 

5    30 

SS-S3 

—   -08 

—   -06 

+  -35 

0    30 

+1    03-71 

S:2t 

■00 

I    00 

1017 

+  -'S 

+    -26 

16-78 

°    33 

1678 

6-35 

5    30 

17-99 

—   06 

-   -36 

15 

35 -84 

'    34 

35-83 

6-34 

5    30 

37-10 

—  -24 

—   -40 

—    53 

'7 

0    30 

48-38 

+  -11 

19 

Q      30 

0    34 
5    30 

+  2    O0-6S 
00-77 

S-93 

4-  -11 

—  -09 

3? 

0    30 
0    30 

o6-6r 

13-96 

t^ 

23 

0    30 

:8-96 

6-i6 

«3 

0    30 

35-33 

+  -30 

—  -30 

"    33 

s  30 

3531 

2674 

6-67 

-   -31 

34 

as 

0    30 

;  IS 

31-89 

6-58 
6-43 

+  -08 

+  -IS 

+  -06 

s  30 

39-83 

BEPOBT   FOB   1893 — PABT   II. 
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Clock  raten  and  inHlrumenial  constants,  IVaikiki,  Haivaiian  Jelandti — Continued. 
[Xei;uH  flidoreal  chronometer  No.  1825.    Observer:  K.  I),  rrenton.] 


1 
Date. 

Epoch 
(sidereal  liineV  : 

1 

('orrection. 

189I. 

//.  M. 

m.           s. 

Dec.  26 

>   30 

+  2  45*7 

5  30 

46-46 

5  40 

4648 

27 

0   30 

51  52 

28 

0  30 

5800 

0  3> 

5800 

5  30 

59*24 

29 

0  30 

-f-3  0442 

0  31 

0442 

5  30 

05-62 

30 

0  30 

10-30 

0  33 

10-29 

5  30 

11-42 

1892. 

Jan.   I 

0  30 

21-94 

2 

0  30 

-3  32-3« 

3 

0  30 

26*30 

5 

I  00 

14-64 

I  38 

14-64 

5  30 

13-66 

6 

5  00 

08-12 

10 

5  00 

-2  4604 

II 

5  30 

40*34 

5  46 

4036 

7  30 

39-85 

12 

s   30 

3463 

5  46 

34-62 

8  00 

3400 

16 

1    5  30 

12*66 

18 

5  CO 

OI'II 

8  00 

00-58 

19 

5  00 

-I  5532 

20 

5  00 

49-26 

8  00 

48-70 

8  14 

48-69 

21 

5  00 

4364 

•  5  02 

43*60 

8  00 

42-97 

23 

5  00 

33*12 

5  02 

33*  H 

8  00 

32-50 

24 

5  00 

27-72 

4  57 

27-71 

8  00 

27-00 

2S 

5  00 

21-90 

8  00 

20-84 

8  05 

20-84 

27 

5  00 

0904 

8  00 

08-33 

8  40 

0830 

Feb.  2 

8  00 

—0  3312 

8  00 

33-13 

3 

5  00 

2826 

4  56 

2826 

Daily  rate. 


550 


C<illimation 
W. 


Sfcotids. 

662 
6-48 
6-42 

5 -88 

5-82 

5*75 
6-01 

577      , 

I 
5*59      ! 

552 
5  59 

571 

5*49 

583 

5*79 
6-06 

5-62 
5*26 
5*40 
5-S2 

6*43 
5-87 


-rO-17 


-f    09 

+   '04 

!      -{■   -05 


|-  -02 

1-  26 

-j-  10 

}-  -lo 


[-1-    -12] 

4-  -07 


—     -lO 


10 


10 


-08 


|-     -02 


-      13 


Azimuth. 


K. 


Seconds.    '     Serottt/s. 


■3* 


—   -32 
-   -'9 

-}•   -17 


—    'lO 


}     -20 


15 


14 


+    -41 


W 


Seconds, 
•00 


—  -lO 

—  16 


—    '22 


-f      16 


I    *i3 

-i-  14 

H-  -17 


•00 


-f  -40 
—  -26 

[       *-f>] 


-f    08 
-    25 


•<4 


i  -    -21 


1       —    -21 


—    'lO 


S.  Kx.  1»,  pt.  2 34 
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U.    S.   COAST   AND   GEODETIC    SURVEY. 


CI ock rales  and  inBtnimental  ronstants,  Waikikiy  Hawaiian  JsJ avdit—CnnihwirAl. 
[Negus  «>«lereal  r.lironoineter  Xo.  1825.    ()lm«rvcr:  E.  1>.  PrcHtoii.J 


Date. 


1S92. 
Feb.      4 


Mar.      I 


Epoch 
(sidereal  tiuie). 


h 


S 


12 


K\ 


14 


19   I 

20    ' 

21       I 


22 

T  I 
-J 


26 
27 

28 

2') 


h.  in. 

8  00 

5  00 

8  00 

8  41 

5  00 

8  00 

8  41 

5  00 

8  00 

8  41 

5  00 

5  30 

8  00 

5  00 

5  22 

8  00 

5  00 

4  55 
8  00 

7  30 

5  00 
5  00 

4  55 

8  00 

5  00 
5  00 


4 
8 

7 
7 


7 
7 
9 
7 
7 


55 
00 

30 
30 


7  .^7 

12  00 

7  30 

8  10 

II  30 

7  30 

7  40 

II  30 


30 
41 
00 

30 
41 


II     30 


4 

7 

30 

5 

7 

30 

/ 

41 

II 

30 

8 

10 

30 

9 

7 

30 

7 

41 

II 

30 

0 

7 

30 

7 

40 

C'orrectUm. 


m.  s. 

— o  27-63 
22-51 
21-72 
21-72 
10-64 
09-92 
09-83 

-fo    01  -08 

01-85 
01-86 

22-94 
22-82 
23-62 

28-18 

28-24 

2884 

33  3  > 
3332 
3411 
5851 
-f-i  03-01 

08  02 

C8*02 

08-51 

13-09 
1 8  07 
1 8  07 
18-72 
3506 
4088 
40-88 
41-89 
4689 
4689 
47-80 
52-91 
52  90 

53«i 


3 


II     30 


0118 
01-19 
00-84 

55-44 
55  44 
5455 
43*45 
37-38 
37-38 
36-41 
1900 
13-82 
13-81 
12-84 
0765 
07-64 
06-68 


Daily  rute. 


Seconds. 

575 
5*93 

5  -So 

5  47 
5  24 

513 

4  94 

5-02 
5-01 

5-07 

4-98 

5  47 
5-82 

6-OI 

6  02 

5-91 


5 '74 

5-99 
6*07 

5-88 

5-91 
6-17 

577 


I 


t'ollinintion 


—    -04 


'       'Ol 


•00 


•00 


•o;> 


•05 
-16 


—  -o; 


•05 


•07 


•05 


•05 
•07 


--  -03 
--  03 


•03 
•05 


-00 

•00    ! 


•00     ; 

•05      I 


Azimuth. 


K. 


S<\  I  Hd's.         .SWoffifs. 
-  004     i 


00 


•46 


•00 


30 


•3-* 


+  '23 


•00 


•00 


-f    -21 
+    -38 


\V. 

.Sr  tends. 
-  oil 


-t    16 


':■    -'3 
-    23 


-10 

-06 
•05 

•00 

•05 


4-    -48 
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Ctork  mien  and  instrumental  constants,  Waikikij  Ifmcaiian  Inlands — Continued. 
[Ni'jfUH  aidrrfal  clironon»'t«^r  No.  1825.    Observer:  K.  1).  Prenton.] 


; 

' 

1                    1 

Azimuth. 

Date. 

Epoch 
(sidereal  time*). 

CorrfCtioii. 

Daily  r«te. '  ('""i^'JI-tion   _   - 

R. 

1 

w. 

1892. 

h.     m. 

m.          s. 

Si'iOfii/s. 

St'fonds.        Seconds. 

Seconds. 

Mar.   13 

7     30 

-  >     5033 

;-88 

— 0-02     !    [-i-o-4o"l 
-    05     .    [-f-   -40] 

!                14 

7     30 

44  45 

5-82 

57' 
570 
5-91 

16 

7     30 

3281 

•00               -oo 

19 

7     30 

15-67 

-  06        \-   25 

20 

7     30 

0997 

-  -04        [-^   -25] 

21 

7     30 

04-06 

) 

7     39 

0407 

5-82 

12     00 

02  93 

-    -04 

[H-  -25] 

23 

9    00 

—0     5205 

i-070 

9    07 

5205 

576 

1 

12    00 

51-52 

—  -12 

!-    50 

24 

7     30 

46 -66 

—  -04 

f-   '30 

7     39 

46-65 

579 

1 

II     30 

457^» 

29 

7     30 

1773 

: 

1 

7     39 

17-72 

e  .T^ 

II     30 

1688 

5  77           _;    ._»,- 

}-   -70 

3« 

7     30 

1 1  -96 

i    ^-  -25 

7     38 
II     30 

11-98 
II  06 

s-s*-'  ■.       ;  .,  .5, 

31 

7     30 

06-10 

•00 1 

7     38 
II     30 

0611 
05 -28 

579    ;                ^.  .5, 

Ai)r.      6 

10     15 

-f-i     2939 

578      ^ 

1 

—    -20 

9 

10     15 

4673 

14    45 
14     58 

47  74 
47  73 

S-«5      , 

1 

--    -12 

'4-   -lo" 

-  -40 

—   18 

10 

13 
M 

16 

10     15 
10     30 
10     30 
10     30 
10     30 

5258 
10-25 
16-12 
22 -07 
2812 

5 -86 
587 

5 '95 
6  05 

-}-   -lo 

'H-  -io" 

•           « 

-1-    10 

\-\-   -lo' 

1 

-  -,8 

—  10 

--  16 

14    45 

29-14 

S"^'       '      4-     oS     !      -   -65 

14    57 

29-17 

-   -68 

»7 

10     15 

33 -98 

r 

10     13 
12    45 

3398 
3458 

5-95 

[  :     -12] 

—    30 

18 
<9 

II     30 
10     30 

40-23 
45-80 

5-81 

[  j-    -16] 

-  -43 

14    45 

46-90 

5  93 

i 

14     57 

4790 

1       '20 

--  -67 

—  -60 

20 

10     15 

51-66 

6-08 

>-  -18 

II     45 

52 -oS 

[   •      '20] 

L  •    •>8] 

•.53 

21 

10     15 

57  74 

5 -99 

.30 

23 

10     15 

1  2    09-71 

14    45 

11-04 

608 

•    -15 

—  -60 

14  56 

II  09 

24 

10    15 

15-79 

14    45 

16-90 

r*  v**** 

\      12 

1 

-  -84 

-  .38 

14  56 

16-89 

5  77 

25 

10    15 

21-56 

14    45 

22-73 

575 

-f-    20 

—  -35 

14   56 

22-80 

29 

10  15 

44*57 

5*86 

-|-  -20 

—    -IO 

May      I 

10     45 

5642 

_. 
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U.  8.  COAST  AND  GEODETIC  SURVEY. 


Clock  raten  and  insimmental  constants,  JFaikikij  Hawaiian  Islands — (-oDtintied. 
[Negus  nidepi'al  rlirononw'ter  No.  lH2r».    ObscrviT:  E.  I>.  Pifiitoii.] 


i 

A/iniuth. 

Date. 

Epoch 
(sidereal  time). 

'       rorrectit)!!. 

1 

'  Daily  rate. 

1 
1 

'  Colliniution 

1 
1" 

1 

1 
1 

1892. 

A.     tu. 

m.           s. 

Stuofti/s. 

I    Sccofids. 

1 

Sc'COMt/s. 

1                                1 

1     .SV.  onds. 

May     I 

\       »4    45 

'      "f  2     5717 

5-48 

\      -}-o-i6 

0-43 

1       -    004     1 

I       14     52 

5719 

1 
1 

2 

'       10     15 

—2      5821 

;      5-66 

;  [+  -'s] 

1     —  -13 

4 

'       10     15 

4680 

1 

1 

1       14    45 

4570 

5*90 

1      -,    -15 

-j      06 

f-   -22 

14    50 

45  69 

5 

1       10     15 

1                                ^ 

,      -  2    40-90 

1 

1 
1 

i       >4    45 
1       14    56 

39-90 
39-88 

5-87 

■\r.        -07 

1 

•00 

1     -34 

6 

10     15 

3503 

6-09 

5-78 

1                  f          -07 

*     -20 

7 
9 

„  .5 

10     15 

28-69 
1737 

1 

1 

1 

1 

H    45 

16-22 

5-98 

1                   1               08 

:-   -07 

1       *-   -30 

14    50 

16-23 

1 

10 

10     15 

"•39 

1 

>4    45 
10     17 

IO-44 
11-42 

5-64 

1            -08 

1 

1 
1 
1 
1 

+   -32 

1 
1 

II 

10     15 

0575 

5-76 

-i            -08 

1 
1 

•     -07     1 

»3 

12     15 

i     — »     5374 

1 

-}-  -25 

14    45 

'              5315 

5  92 

1            -06 

00 

15     00 

!              5312 

1 

1 

1 

14 

'       10     15 

1                                ^ 

;        48-31 

1 

1 

22 

14    45 

•4717 

5  -^7 

!        f     -07 

-    '20 

15    00 

1              47-IO 

'5 

10    1^ 

42-64 

•16 

14    45 

41-45 

5-84 

-f-    -1 6 

-    -40 

15    00 

41 -43 

IS 

10     15 

25«3 

-  -07 

14    45 

24-10 

5  80 

-}-    -07 

.-    -27 

15    00 

24-10 

21 

II     45 

07*37 

-  -  -20 

• 

14    45 

0653 

5-97 

-h  -'5 

--  30 

15    00 

0645 

22 

II     15 

01-51 

-    50 

H    45 

00-58 

580 

-f  •" 

-  -16 

15    00 

00-S5 

23 

»4    45 

—0    5487 

5-87 
576 

-f  -23 

-  -51 

-  -U 

24 

25 

14    45 
14    00 

49-00 
4346 

4-    -12 

—  -09 

-f  -09 

»7    45 
17     57 

42-50 
42-51 

5-74 

-t  •" 

-    -12 

—  -13 

27 
28 

14    45 
14    00 

3180 
26-23 

5-76 

-f-  -08 

-i-  -13 

-f    *20 

17    45 

25 -4 1 

580 

-f   -lo 

-  16 

-f-      10 

17    58 

2538 

29 

14    45 

20-26 

5-69. 

+  -04 

—    -22 

June     3 
4 

5 

6 

7 

14    00 
14    00 
14    00 
14    00 
14    00 

j-o    07-97 

13-64 
>9-39 
25-24 
31  00 

5-67' 

5-75 
5-85 
576 

[+   -lo] 

-i-  10 

1 

-     06 
•00 
•00 

4-     07 

17  45 

18  02 

31-99 
3 '98 

5 -89 

4-  -18    1 

1 

-   \U 

1 

II 

14    00 

54-57 

:-    11 

1 

17    45 

55-45 

-f-  -u     ' 

-    -31 

1 

18    02 

55-44 

1 

1 

1 
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The  following  table  contains  the  renduluiu  Kesults  for  199  nights  at 
Waikiki  between  June  9,  1891,  and  June  11,  1892: 

Petidnlum  ofmcrraiiotm,  Jiaikiki,  Honolulu. 
[Olj.-.tTver:  K.  I).  Pri'ston.] 


• 

B 

•5 

c 

a. 

c 
1  r^ 

1  <«" 

1 
1 
!      Date. 

1 
Epoch. 

No.  of  CO-  , 
'    incidencir  , 
intervals. 

1 

Time  in 
Seconds. 

1 

Time  of 
ten  coin- 
cidence 
intervals. 

1     Si.nii-arc. 

1 

j 

Initial.  I'ltial. 

1 

'    Tcin- 
;     pcr- 
ature. 

Manom- 
eter. 

Hurom- 
cter. 

1 

'  Pres- 
sure at 
i  oO('. 

1 

1 

1     l8<)r. 

1 

1 

1 

s. 

s.           mm. 

.  mtn. 

or. 

mm. 

mm. 

mm. 

n. 

Id 

!  June  9 

141 

24 

6296*0 

2623-3      50 

\  2-5 

2633 

2060 

767-2 

510 

1 

1 

'               lO 

140 

20 

52560 

2628-0      52 

'   2-5 

25-98 

206  0 

767-4 

5»i 

1               lO 

157 

20 

52800 

2640*0      5 '2 

1   2-5 

24*92 

200-0 

7674 

519 

' 

II 

13-9 

20   . 

52820 

26410     5*2 

30 

2543 

2I2'5 

768-0 

507 

II 

157 

20 

53035 

26518      5*2 

1    2-7 

24*62 

205-0 

767-6 

5«5 

12 

14-2 

32 

8440*0 

2637-5      5*2 

[2*1] 

25-47 

21 10 

7674 

508 

! 

»3 

14-6 

44 

1 15880 

2633-6       52 

1-2 

25-42 

20S0 

766-4 

510 

'5 

14*3 

32 

84165 

26302        51 

2-0 

2573' 

2170 

766-8 

501 

1 

i6 

147 

20 

52445 

2622*2       52 

2-5 

26.33 

2  1 40 

767-6 

5«3 

1 

17 

149 

30 

78955 

2631-8   [5-1] 

2-0 

26-13 

2190 

767-5 

499 

i8 

14-9 

30 

7901  0 

26337     5-2 

2-2 

2618 

2180 

766-4 

499 

'9 

i5'6 

50 

1 3 248  0 

2649-6     52 

1-2 

25-68 

2150 

765  -5 

502 

22 

*5'4 

40 

10564*0 

2641-0     52 

1-2 

25*83 

2150 

7671 

503 

24 

15-2 

4'J 

'0543*0 

2635-8     5-2 

1-2 

25*68 

2130 

767-1 

505 

25 

14.2 

20 

5257-5 

2628-8    52 

2-5 

25-73 

217-0 

7665 

501 

1   I> 

25 

16-3 

20 

5274-5 

2637*2      5*2 

2-6 

24-82 

2180  ;  766-9 

502 

^h 

I> 

26 

148 

3'^ 

73990 

2466*3    5-2 

2.5 

26-28 

1 
214-0;  765-4 

501 

^< 

26 

1 70 

3<> 

7455 -o 

2485  0     5-2 

2-3 

25- 1 2 

217-0    765-0 

501 

B, 

D 

27 

14-8 

1 
30 

6832-5 

2277-5 

52 

2-7 

26-43 

218-0    71)5-2 

497 

R 

27 

171 

40 

9MO-5 

2285*1 

50 

20 

25-32 

2IJ-(»      765-6 

1 

503 

Ba 

D 

28 

147 

30 

78830 

2627*7 

51 

2-5 

26*48 

21  J.O  ,  766-6 

504 

28 

170 

30 

7923*0 

2641-0 

51 

24 

25*42 

219-0  '  7(j6-6 

499 

30 

14-8 

1 

30 

7896  0 

2632-0 

[51] 

2*4  1  26*03  1  214*0 

'            -i 

765  'O 

502 
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Reduction  of  pendulum  ohaervaiionH,  JVaikikif  Uonoiitlu. 
[Periods  reduced  tu  temperature,  15°  C. ;   iireasure,  5U0">"' at  U '  C. ;  arc  iatiuit4'ly  hiiuUI;  sidereal  tioitt.] 


1 

Posi- 

Corrections  (in  seventh  decimal 

1 
l)!a(e). 

PeriiMl  u«c»>rrected. 

Perio«l  corrected. 

uon. 

Arc. 

Tempera- 
ture. 

Pressure. 

Rate. 

1 

Sfcofuis. 

1 
1 

Seconds. 

D 

0500  9548 

-48 

-470 

-  8 

+414 

0-500  9436 

531 

-50 

-456 

-  9 

+426 

'442 

488 

-50 

—412 

-'5 

f429 

440 

484 

-58 

-433 

-  6 

+429 

416 

445 

-53 

—399 

—  12 

-f-427 

408 

497 

44 

-435 

-  6 

4427 

439 

5" 

-3« 

—432 

-  8 

+  380 

420 

523 

-42 

—445 

—  I 

4-375 

410 

552 

SO 

-470 

—  2 

1373 

403 

517 

—42         — 462 

-}-  I 

+  380 

394 

5" 

—46         —464 

+  I 

+395 

397 

453 

-31 

-443 

—  2 

1393 

370 

484 

3' 

-449 

—  2 

1385 

387 

503 

-3> 

—443 

—  4 

+372 

397 

528 

-50 

445 

—  I 

+357 

389 

D 

,                  498 

-52 

-408 

2 

4370 
June  17 

406 

410 

D 

0501  0157 

-50 

-468 

-   I 

1382 

0-501  0020 

R 

081 

47 

420 

-   I 

i  397 
June  26 

010 

015 

D 

0-501  lOOI 

53 

—474 

2 

+390 

o-qoi  0866 

R 

0964 

-41 

-428 

—  2 

+383 
1      June  27 

876 

871 

D 

0*500  9532 

49 

-476 

3 

+  376 

0-500  9380 

484 

-48 

432 

i    I 

f369 

374 

517 

-48 

-458 

—  2 

[377 

386 

1 
1 

U.  S.  COAST   AND    GEODETIC    SURVEY. 
/VniliilHni  obitt-vationi,  Waikiki,  Honolttlu. 

[Obwrvtr;  K.  1).  PnaloD.] 


i 

6  Si 

Time  oil    S.-ml..rr. 

Teffl- 

H;™-'^;,tt 

1 

1 
1 

Due. 

1 

ill 

Tiii»<n 
aecondi. 

cidem"  1~        1         " 
Intetvili.  Inilbl.  finnl. 

Minaiu 

£ 

1^ 

189,. 

i. 

,. 

^ 

»,«. 

»m. 

"C. 

'ZZ 

mm 

«.. 

a. 

D 

jHly   4 

iS-a 

34 

9014-0 

26s'ri 

1-9 

24-72 

217-0 

767 -iD 

SOJ 

7 

.7-8 

30 

79310 

26437 

25-12 

214-0 

767-0 

S05 

8 

>7'6 

34 

894S-0 

2630-9 

2S'43 

1B30 

768-8 

534 

'7 

171 

18 

47680 

2648-9 

30 

25  33 

219-0 

767-2 

500 

iS 

"77 

32 

8442-0 

3638-j 

[17] 

25-33 

760-7 

499 

21 

t7-6 

32 

8463-0 

2644-7 

26-03 

219-0 

766-6 

499 

23 

17 '4 

30 

79250 

2641-7 

222-0 

766-6 

496 

24 

17-6 

3° 

7950 '5 

2650-2 

5-0 

»5-7J 

222 -0 

766-4 

496 

25 

17-6 

3' 

8475'' 

2648-4 

26-4* 

766-7 

497 

26 

17-6 

34 

90230 

2653-8 

1-8 

26-13 

767-0 

49r. 

27 

.78 

38 

10105-5 

26593 

S"° 

1-8 

25-73 

767-2 

497 

29 

176 

30 

7932-0 

26440 

26-28 

766-2 

494 

30 

3° 

79130 

26377 

26-44 

216-0 

767-9 

501 

t> 

3' 

184 

34 

8986-5 

2643-1 

4-3 

17 

26-08 

2IS-0 

766-4 

500 

B, 

t> 

AUR.   2 

ilj'9 

34 

83830 

2465-6 

5-2 

1-2 

25-98 

2I8-0 

764-7 

498 

R 

I9'2 

30 

7453 'o 

2484-3 

s-i 

J.J 

24-72 

22 10 

765-1 

497 

B. 

D 

3 

l6'4 

44 

9996-0 

227' -8 

5' 

2-0 

26-94 

218-0 

765-8 

497 

R 

3 

I9'2 

36 

8.97  ■» 

2277-0 

5' 

2-3 

as -93 

216-0 

766-4 

502 

B. 

D 

4 

17 '4 

30 

78875 

2629-2 

50 

2-0 

27-80 

226-0 

766-6 

490 

5 

'75 

3° 

7888 -5 

2629-5 

37-45 

768-0 

495 

6 

17  s 

30 

79.9s 

2639-8 

2-2 

26-59 

224-0 

767-5 

494 

7 

17 'S 

30 

7937  ■(> 

a64S7 

20-33 

766-8 

496 

"77 

33 

8469  s 

26467 

S-o 

2-0 

26-33 

218-0 

766-9 

4W 
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RedaclioH  of  pendulum  obaervationa,  Waikiki,  Honolulu. 
LPeriotU  rodticed  to  Utinperature,  ir»o  C. ;  prestturo.  SOU*"  atO^  C. ;  arc  intlnitely  aniall;  sidereal  tiuie.] 
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Tosi- 

Period  tincorrected. 

Ci.rr 

ections  (in  seventh  decimal 

place). 

1 

Period  corrected. 

1 

tion. 

Vrc           Tempera - 
'^^^'               lure. 

'                                                1 

Pressure. 

1 

Kate. 

Seconds. 

1 

1 

r 

St'tom/s. 

D 

0-560  9448 

—40  .  !     —403 

-    2         i 

-1-385 

0-500  9388 

474 

-45           --420 

—  4 

+377 

382       i 

520 

-43     ;      -433 

27 

+389 

406       ; 

456 

—57 

—429 

0 

+412 

382 

495 

-32 

-429 

+   I 

--416 

45" 

47' 

-41 

-458 

I 

-f-400 

373 

482 

—44 

-458 

-1-387 

370 

451 

—41 

-4-^5 

i-  3 

-f396 

364 

457 

—41 

"-475 

r  2 

-1-425 

368 

438 

-38 

—462 

-    3 

4-435 

376 

418 

-38 

-445 

i    2 

4419 

356 

473 

—42 

-468 

;•  5 

4-401 

369 

496 

—42             475 

I 

-i-390 

368 

I) 

477 

30    1      —460 

0 

4-386 
July   17 

373 

380 

D 

0-501  0160 

-46 

—456 

■f-  2 

1-377 

0-501  0037 

K 

0083 

-45 

—403 

"h  2 

4-362 
Aug.  2 

0  9999 

I  0018 

I> 

0-501  1029 

— 42      !       — 496 

^-  2 

1 

+362 

0-501  0S55 

K 

1004 

—46      '       —454 

-^ 

-t-38i 
Aug.  3 

0883 

I  0S69 

D 

0-500  9526 

—41 

—531 

-:-  8 

4-391 

0500  9353 

* 

525 

—42 

-517 

+  4 

4-403 

373 

488 

—44 

—481 

+  5 

4-408 

376 

467 

—44 

470 

+  3 

-f-415 

371 

464 

-41 

—470 

-f-  I 

4-418 

372 

V.  B.  COAST   ANI>    GEODETIC    SUKVKV. 

PeKdalan  ob„rri-alio»H,  WaHiki,  }I..,.oI«Ih. 


"1 

J        D., 

.s 

^11 

i  Ti.nc  r.( 

Sei.. 

^.c- 

Ten.. 

Muoni- 

Barnm. 

l-tes 

1 

1 

intervals. 

nitlaL 

l-inal 

x«. 

1 

o"C. 

i  1891. 

i. 

. 

mn; 

l/l'H 

'C. 

,„.;'!    ™™."' 

mm. 

tt, 

I)    A»B.  u 

I7'5 

30 

79J6-OI  1645-3 

26-59 

219-0 

766-6 

497 

.7-5 

30 

79160'  16.187 

37-14 

767-0 

500 

"3 

'7-,? 

3" 

791 4 'O     26J8-0 

27-04 

2150 

767-8 

501 

.7-8 

3O 

9523-5     26454 

['■o] 

26-44 

7676 

501 

15 

17-5 

30 

79250     26417 

2-1 

26-5.) 

219-0 

766 -5 

4')7 

16 

175 

30 

7933 'S     l<M45 

2-1 

26-33 

2190 

766-4 

497 

20-3 

40 

10562-5     26.[o-6 

1-7 

25-53 

217-0 

765-1 

500 

196 

5270-0     2635-0 

3-0 

25-88 

226-0 

7670 

4')3 

2.1 

20'3 

1054SS     2637-1 

['•7] 

26-03 

218-0 

766-0 

499 

i 

25 

190 

5780-5     2630-2 

3-0 

26-44 

766-1 

494 

26 

199 

30 

7907-0     26357 

2-3 

26-33 

766-6 

496 

20 

ll 

looiio     2639-7 

[r»1 

[.■71 
3-0 

26 -03 

218-0 

765-9 

499 

l>             31 

I9'6 

5287-0^  2643-5 

25  ^3 

224-0 

765-8 

494 

s  : .    s^.  ! 

195 

3* 

78<,4-s  :  2467-0 

5-2 

2-2 

26-89 

2150 

765-8 

500 

Rj              =    j,-3 

32 

7962-0     24S8-1 

5-2 

2-2 

25-47     223-0 

766-0!  495 

H       1         ejig-e 

32 

72730     2272-8 

5., 

[2-S]'  26-6.1  :  2I9-0 

766-5  1  417 

ki             6 

22-2 

32 

72}i9-5     2278-0 

S'f 

2-S   1  25-68  1  2.4-0 

7<*-S  j  503 

B                        9 

igij 

20 

5240-5       2fi20-2 

r;-0]l27-M!  220-0 

766-7  !  406 

40 

10536-0      2634-0 

I7i|  26-74      215-0 

765-6  1  501 

'S 

40 

105400      2635  -0 

1-7]    26-S9      2180 

766-4  !  49S 

iK 

M>;6 

zo 

5253-0      2626-5 

J-O   1  27-Ocr2l90 

766-5  1  4y6 

'9 

40 

10562-0      2640-5 

[I7]l  26-44  :  216-0 

765-0     499 

1                '3 

U9 

" 

III20-5     2647-7 

5-0 

1-5  ,  25-93  ]  "f'o 

765-6]  501 
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UrdncAion  of  pendulum  obnerrationSf  JVaikikif  Honolulu. 
[Periods  reduced  to  temperature,  15<^  C;  i>rori8urtf,  5(KJ<»'*  at  u  '  ('. ;  arc  iuliiiitrly  hiiiuII;  nidcreai  time.] 


■  "'l 

1 

1 
1 

Corrections  (in  seventh  di'cimal 

place). 

Pi>si- 

1 

Perioil  uncorrcricd.  ! 

I 

—            — 

Period  corrected. 

tioii. 

1 

Arc.          Tempera-         pressure. 

Rate. 

1 

ture. 

■ 

Strcfti/s. 

! 

! 

SfCOMt/s. 

D 

0500  9468 

41 

—481       i         4-2 

{420 

0*500  936S 

1 

492 

44 

—504                    0 

-1-426 

370 

495 

—42             -500                -I 

1-419 

371 

468 

-39             -475               -I 

1-409 

362 

481 

—42           — 481                t  2 

-f405 

365 

1 

471 

—42               -470                    f2 

1  399 

360 

485 

-36              -437                        0 

-f375 

387 

506 

56            -452               16 

f358 

362 

498 

-36          -458              J- 1 

-f-356 

361 

523 

56          -475               15 

r357 

354 

503 

45              470              13 

t  359 

350 

489 

-34              458               l-« 

f35o 

348 

1) 

475 

-  56              449               :  5 

h379 
Auy.  18 

354 

364 

I> 

0-501  0154 

46              493                  0 

f  377 

o"5ot>  99<;2 

R 

•     0068 

46     ,      -435      1        +4 

t  375 
Sept.  2 

966 

1 
1 

1 

979 

D 

0-501  1024 

-54 

-483 

f-2 

-1-366 

0501  0855 

R 

0999 

-54 

-443 

—  2 

1357 
Sept.  6 

857 

1 

1 
1 

1 

856 

I) 

,        0500  9560 

-56          -506 

-^-3 

-h358 

0500  9359 

509 

-36    :      -487 

I 

j      -f362 

347 

506 

-36     ■       -  493 

-1-2 

+370 

349 

536 

-56            -  502 

-\-3 

•  375 

356 

486 

-36    :       -475     .        1  I 

-f-370 

346 

460 

—33     1          454              -I 

,      -f377 

1 

349 

U.  a.  COAST  AND   GEODETIC   8URVEY. 
PtHiHlHM  obitrtMtioM,  Waiktkt,  SohoIuIm. 

[ObwsrYBT!  E.D.  Pnaiton.] 


1 

i 
1 

D>te. 

1 

III 

Time  in 
aetands. 

l^iTnrn' 

Scn.i-.re. 

Tern- 

Miinoin- 

FUmm- 

Pr«. 

inlcrvila. 

.ni.l... 

Kl„, 

fif 

D 

Sept.  ie 

A. 
ao-4 

ao-4 

40 
40 
40 

105980 

2649-5 
36s3'o 
2649 '5 

"'"0 

'■7 

25-98 
25-43 
25-98 

219-0 

766 -ii 

764-5 
764-9 

495 

497 
494 

a 

D 
R 

Oct.     4 

4 

23-0 
"S 

30 
3* 

8^8? 'O 

248r3 
2496-3 

\'-l 

.5 

2-4 

24-97 
14-14 

224-0 
2260 

765-3 
704-6 

495 
493 

B, 

D 
R 

s 

5 

21-3 

s? 

68710 
826S-0 

2290-3 
2295-8 

i-' 

2-8 

2-3 

24-97 

24 -og 

223-0 

7645 
764-0 

496 
496 

fe 

D 

8 

l 

28 

3° 

22-6 
22-6 

23-6 

33-3 

20 

38 
40 
40 

53010 

5265 'O 
53°  JO 
53200 
10149-0 

10671 -D 

2650-5 
2632-5 

t£i 

26708 
2667-8 
267^ '5 

s'o 

[3'o] 
3*0 
3-0 

1-7' 
1-7 

24-92 
26-84 
25-12 

25-'7 
I4-SJ 

2463 

24-04 

226-0 
229-0 
2270 

224-0 

225-0 

li 

766-8 
766-5 

496 
491 
49' 
49J 
497 

B, 

D 
R 

3" 
3' 

239 

s 

7925-0 
6979-0 

2476-6 
2491 '5 

5-^ 

[";j] 

25-63 
24-48 

2250 

7674 
767-3 

494 
497 

B. 

R 

Nov.    I 

23-6 

O'S 

34 
32 

7785   s 

7343  S 

2289-8 
2294 -H 

1-2 

2-8 
2-5 

=S'37 
24-24 

2380 
225-0 

7664 
766-6 

482 
495 
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Redaction  of  pendulum  ohBervationBf  Waikihi,  Honolulu. 
[Pi^riixls  redaced  to  temperature,  lb°  C. ;  prcasnre,  500»"  at  (K>  C. ;  arc  infinitely  small ;  Hidnrcal  limo. J 


Posi. 
tion. 

Corrections  (in  seventh  decimal  place). 

Period  uncorrected. 

Arc. 

Tempera- 
ture. 

Pressure. 

Rate. 

Period  corrected. 

D 

Seconds. 
0500  9454 
441 

454 

-36 
-36 
-36 

-456 

433 
—456 

-h  4 

•  4-  2 
-f  5 

+380 

f38o 

+  378 
Sept.  19 

Seconds. 
0500  9346 
354 
345 

350 

D 
R 

0-501  0095 
035 

-50 
-\9 

—414 
—379 

-h  4 
+  6 

4-373 
+373 

Oct.  I 

0-501  0008 
0  9986 

09997 

D 
R 

0-501  0940 
9'3 

-55 
—47 

• 

-414 
—377 

4-  3 
-h  3 

4-376 
+380 

Oct.  5 

0-501  0850 
872 

861 

D 

0500  9450 

515 
446 

416 

378 

389 
372 

-56 
-56 
-56 
-56 

-38 
-36 
-36 

-412 
—491 
—420 
—422 

-395 
— 400 

-375 

+  3 
-f  7 
+  7 
-h  6 
+  2 
-h  3 
-h  3 

+376 
4-377 

4379 
+380 

4381 

4-384 

4-384 

Oct.  19 

0-5009361 
352 
356 

324 
328 
340 
348 

344 

D 
R 

0-501  0115 
050 

-47 
-49 

—441 
—393 

-f  5 

-h  2 

■f37S 
-1-370 

Oct.  31 

0-501  0007 
0  9980 

09994 

D 
R 

0-501  0941 
918 

-55 
—50 

-430 
-383 

+  14 

■h  4 

4367 
4367 

Nov.  I 

0-501  0837 
856 

846 

i 
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U.  8.  COAST  AND  OEOUETIO  SUEVEY. 


Honolulu. 

J  1 

».„. 

1 

^.gl     Time  Ln   ,  lenToiJi- 

Sen.i-n<c. 

Tem- 
pei- 

^L^ 

'l^' 

1 1 

1     ; 

1891. 

K. 

I.                ! 

wm.     mm.  j   "  C. 

mm 

mm 

mm 

1  B,  1  D 

Nov.  4 

20       sjog'S    2654-8 

5-0       2-7      24-87 

229-0 

766-0 

490 

6 

n-(> 

38       100680    264g'5 

[4;8][l-8] 

25-73 

2230 

766-1 

495 

J 

12-6 

OT         5274-0    2637'o 

3"" 

26-23 

234-0 

766-0 

492 

f 

8 

30    ;    7988-5     2662-8 

2-1 

24 '33 

7632 

496 

20     1     5321-0      2661-S 

20   ;    53(^-5    2654-2 

23-99 

229-0 

761-2 

487 

24-43 

326-0 

764-4 

492 

'J 

20   1    5292-0    2646-0 

25-68 

226-0 

765-2 

49' 

■4 

2o    1    5269-0    2634-s 

26-68 

2290 

7664 

488 

'5 

10   ;    2648-5    2648-5 

3'9 

2S"'7 

227-0 

765-6 

491 

17 

40   1  10724-0    36SI-0 

r>-9i 

24-43 

765'' 

499 

'9 

3;i 

3! 

8605-0    2689-0 

3-9  .[ri]' 23-05 

230-0 

7662 

493 

SJ26-5    2663-2 

5-0     yo  1  24-43 

231-0 

767-0 

490 

n 

20 

5320-0    2660-0 

S-o     3-0  124-72 

230-0 

7670 

491 

30 

1-9 

20 

5330-0    2665-0 

S-o     3-    «-.« 

226-0;  767-6 

496 

U.     11 

Dec.  1 

2-1 

32    j    79S&-0    =4S6-! 

5-2       2-4   1  24-53 

224-0 

765-6 

496 

U 

' 

4*9 

JO    1     7498-0     23,<)^-i 

[s--:  ='s ;  23-44 

226-0 

765-4 

495 

B,    n 

5 

1-9 

22 

5043  s    "92-s 

5-2    [3-J]   Z5-0' 

225-0 

7674 

495 

K 

S 

39 

33 

734J-0    2294-7 

5-^ 

2-7     24-48 

224-0 

767-2 

497 

B,     Li 

6 

20 

20 

53.2-0  1  2656-0'   5-0 

3-0     24-77 

228-0 

768-0 

494 

7 

I '9 

5275-5  j  2637-8 

50 

30  1  24-67 

768-S 

592 

9 

19 

5340-0    2670-0 

50 

30  ,23-49 

227-0 

766-9 

496 

"■9 

S337-0    2668-5 

50 

30  ;  23  84 

22K-O 

7642 

491 

" 

1-8 

10   j    2703-0 1  2703-0 

y° 

[3-9j(  20-6J 

236-0 

764-4 

489 

KEPOKT   FOE   1893 PART   II. 
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Iteduction  of  pendulum  ohaervationSf  Waikiki,  Honolulu. 
IPeriotlH  rcdnceil  to  tomporaturo,  IS^^)  C. ;  pntHBiire,  500*»  at  0°  C;  arc  infinitely  small;  sidereal  time.] 


Posi- 
tion. 


I) 


I) 
R 


I) 
R 


1) 


Period  uncorrectetl. 


Seconds. 

0500  9435 
454 
498 
406 
411 

437 
466 

508 

457 
342 

3M 

405 
416 

398 


0501  0075 
023 


0-501  0929 
918 


0500  9430 

495 

381 
386 

266 


Con 

ections  (in  sei 

t 

renth  decimal  place). 

Pcrioti  corrected. 

Arc. 

Tempera- 
ture. 

Pressure. 

Rate. 

Seconds. 

-51 

—410 

-|.  8 

-^367 

0500  9349 

-36 

—445 

-h  4 

+  371 

348 

-56 

--446 

-^  6 

1 

}  363 

36s 

-42 

-387 

V  3 

+358 

338 

-56 

373 

•  +10 

+358 

350 

-56 

—391 

4-  6 

f3o8 

364 

-56 

443 

■i-  7 

-1-370 

344 

-56 

-485 

-  9 

+377 

353 

-70 

—422 

-}-  7 

1-384 

356 

39 

391 

•    I 

r389 

302 

— 20 

334 

i    6 

-1-378 

344 

-56 

391 

-1-  8 

-f383 

349 

-56 

—403 

-'■  7 

1  379 

343 

-56 

-381 

-   3 

+372 
Nov.  17 

^^^ 

346 

49 

-395 

-\-  3 

-f37i 

0-501  0005 

—49 

-350 

-f  4 

4-37^^ 
Dec.     I 

0  9998 

I  0002 

61 

-416 

f-  4 

+373 

0-501  0820 

■53 

393 

-f-  2 

4-373 
Dec.    5 

847 

838 

-.56 

—405 

4-  5 

-h378 

0500  9352 

-56 

— 401 

-73 

+380 

345 

-56 

-352 

+  3 

-f376 

352 

56 

-367 

+  7 

+  368 

338 

—70 

-234 

+  9 

i  375 

346 

IT.  K.  COAST   AND    GEODETIC    SURVEY. 
I'cndulum  ubiercalJoN*,  iraikiki,  IlonoliitH. 


1 

1 

^  ; 

-' 

i 

189 

- 

A. 

m 

Dec 

.89 

>5 

'7 
'9 

23 

*7 
28 
29 

30 

'■9  ! 

2-7    : 

1-9  ■ 

^■7    r 
1-4 
If)  ' 

'■y  \ 

ig 
ig  ; 

"■9 
l-g  . 

It. 

i> 

>n. 

1 

1-6  ■ 

B. 

1) 

2 

■  y  , 

m 

I) 

K 

5 
5 

5-i 

III 

I) 

6 

5-+  ■ 

R 

" 

73  j 

,  Time  of  ,    Scmi-iirc. 


J       Ip 


5428-0 

27I4'0     5 

0    [3-0] 

20  0o| 

1075  JO 

2688 '2     5 

0    ti8: 

22-55 

5330-5 

2665=     5 

oj   3-0 

^3H 

5858 'O 

2662-T     5 

o,[2-8] 

2409 

11I9J-0 

665 '0     5 

01    1-8 

»4-53 

26440 

2644-0     5 

0!   3-9 

25   1 1 

53'6o 

=658-0     s 

0  r    3-0 

247^ 

5327  0 

266,-5     5 

0  1    3-0 

2433 

53390 

2669-5     S 

0  ,U-o\ 

23-99 

S347  0 

^673        5 

0  ■  [3-0] 

23 'SO 

S330-0     2665-0     5 

0      3-0 

2424 

53260     16630     5 

24-43 

53150 '  a6S7        S 

0      30 

23-99 

53'6-o 

26S80     s 

0    [30] 

23'94l 

27490 

552S0 

4822-0 
t.46.0 

S 1 J I  o 

79460 


I   2678-9.    5 

I  2692-!     5' 

I   J327-7  '    5' 


4-0   ,  23-70     232' 


— 

—  i 

76^6 

494 

769-0 

498 

7668 

494  : 

768-5 

496 

765-8 

497 

766-8 

493 

769-8 

49* 

770-8 

494 

771-1 

495 

770-4 

495 

768-8 

491 

768-7 

494 

7<'«3 

493 

768-3 

492 

767-3 

490 

767-8 

493 

764-7 

493 

764-8 

550 

762-4 

499 

761-8 

520 
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Jivduction  of  pt-ndulum  obHcrralUmSf  Waikikiy  Honolulu. 
[IVriodw  rtMliicod  to  tenii>«raturo,  15<^  C. ;  preeaiin',  500""  at  0^  C:  anr  iiiHnitoly  Hiiiall;  Didcreal  time.] 


t% 

. 

Corrections  (in  seventh  decimal 

place). 

Posi- 

Period  uncorrertcjl. 

1    ^ 

Period  corrected. 

lion. 

Arc           Tempera- 
-^^^^              ture. 

Pressure. 

Rate. 

Secontis. 

Seconds. 

D 

0500  9228 

.-56 

-208 

4-  5     • 

i-368 

0500  9337 

317 

-38 

313 

-r   2 

4-368 

ZZ^ 

39<S 

-56 

—367 

+  5 

-f-363 

343 

407 

-52 

377 

4-  3 

f344 

325 

398 

-.iS 

-395 

-V  2 

f348 

315 

473 

70 

-420 

-h  6 

l(^Z 

352 

423 

-56 

-403 

6 

+387 

357 

404 

-56 

-387 

'      -f  5 

4-382 

348 

383 

-56 

-373 

■1    4 

\-zi:^ 

331 

369 

-56 

-353 

-:.   4 

1384 

348 

398 

56 

-383 

..  6 

+376 

341 

406 

-56 

-391 

-r  5 

4-372 

336 

425 

-56 

-373 

+  6 

4-341 

343 

423 

-56 

-371 

-f  6 

4-338 

Dec.  18 

340 

341 

I) 

0501  0937 

75     1      -361 

+  8 

4  333 

0-501  0842 

I) 

0-500  9969 

-58 

273 

+  6 

4-349 

0500  9993 

1) 

0500  9350 

57 

—281 

-f  6 

4-324 

o*5«>  9342 

a< 

304 

-46 

—210 

-39 

4-324 
Jan.  5 

333 

338 

I) 

0501  0763 

61 

-195 

■f  ' 

4-320 

0-501  0828 

R 

720 
S.  Ex.  1J>,  pt.  2 

-46 

-  142 

16 

-i-320 
Jan.  6 

836 

832 

fc 

-35 

U.  S.  COAST   AND    GEODETIC    SURVEY. 

Feiidiitiim  obierratiomi,  fPatkiki,  HuboIhIh. 
IOIimfv.t:  E.  I>.  PrMl'>n.]  ' 


r 

a' 

s£-i 

'  Timi,  nf  ' 's.mi*n: 

T--    M.non, 

22^1 

-3 

1 

1 

i 

Dmle. 

1 

^1 

Time  in   'li-JTcoin. 
H-conils.      ridmce 

Inllfal.  Vimi. 

'"■' 

1S92. 

^. 

^ 

J 

~'„,]„ 

-c. 

»,«. 

■,.r 

»,m. 

a. 

a 

Jan.  10 

5-4 

S 

njSi'o 

2476-2 

[S'OH4-2] 

20-54 

55-0 

7634 

USB 

B, 

n 

,, 

6-5 

16 

97IZ-0 

2700-6 

50 

l-g 

20-45 

222-0 

764-4 

503 

l; 

6-J 

3" 

8.45-0 

27.5-0 

45 

19-90 

246-0 

763'S 

481 

B. 

I) 

lO 

S-J 

IS 

4156-0 

2308-9 

S-o 

3-2 

22-5. 

229-0 

762(j 

491 

s. 

u 

18 

6-4 

so 

SOJ4-0 

2517-0 

4-S 

2-9 

21-23 

230-0 

7626 

493 

R 

IS 

S'3 

z6 

6574-0 

2528-5 

4*5 

2103 

228  s 

7624 

49S 

B. 

i> 

19 

S-4 

S 

2678-8 

2678-8 

4-2 

3-J 

2285 

253-0 

763.0 

470 

6-2 

30 

8056-0 

26S5-3 

4-2 

2-0 

22-65 

227-0 

765.0 

496 

6 '4 

36 

9612-0 

2670-0 

4-a 

1-8 

23-15 

227-0 

766.4 

496 

23 

^■■' 

36 

9631-0 

3672-S 

■^■•.■f^ 

['■81 

22-95 

226-0 

766.3 

497 

24 

61 

2S 

7531  ■<> 

2689-6 

227-0 

76S.» 

500 

=s 

6'2 

30 

8085-0 

2695-0 

4-2   !  [2^] 

21-92 

227-01769-8 

501 

27 

6'2 

30 

8oto-o 

2693-3 

4-3  \  2-0 

22-46 

227-01  766-7 

498 

Feb.  2 

6'i 

40 

10720-0 

2680-0 

4'3 

1-2 

22-70 

222-0    766-8 

501 

a. 

D 

3 

S-3 

Z4 

55270 

2302  -9 

4-8 

2-8   1  23-25 

230-0    768 -o 

495 

R 

3 

7-0 

24 

5S2S-0 

1302-3 

4-S 

2-8 

22-S5 

229-0  j  768-0 

496 

s. 

D 

4 

5-3 

22 

54S0-0 

2490-9 

4-4 

z-S 

23-85 

226-0  1  767-0 

497 

R 

■^ 

T' 

28 

7020-5 

25073 

4'4 

21 

23-10 

—  i'"-^ 

5.. 

REPORT   FOB   1883 PART   II. 


0-500  yjso 
J8i 


-338 

-36  ■ 

-330 

"33 

-l-jl 

-33     . 

-34 

-,.       2         j 

-34 

-320 

-50 

■       4       1 

-50 

-J2(l 

+■    3     ! 

1....  12 

329 

I32S 

0501 0815 

+iif' 

0500  99S4 

!336 

9S9 

la-,.  :S 

972 

1-326 

306 

-30s 

3'5 

-1-313 

321 

326 

+m 

346 

f340 

-I-340 

33' 

Ja«.  25 

324 

o-50(  o8jo 

-f3"y 

U.  8.  rOAST  AND  GEODETIC  SURVEY, 

Pendulum  ob»nratioiit,  JTaikiki,  nonolHla. 
(ObMrver:  K.  II.  rrrslon.) 


Timcol 

Semt-urc. 

Ttm- 

M 

..,.,^ 

o"C. 

cfdBneV 

luUiid. 

FiMl. 

.Cl. 

tier. 

FWr. 

J 

mm 

mm. 

'C. 

mm 

mm 

:6;8-5 

44 

'■4 

13-40 

217-0 

766-6 

495 

ifi83'4 

[4;o] 

■  5 

n-'S 

229-0 

767-8 

496 

26650 

3' 

23-00 

2330 

766-1 

490 

2680-2 

4-4 

2290 

765-4 

494 

2686-1 

31-59 

23' -o 

763-6 

493 

3660-5 

4-4 

1-6 

'3-54 

761-3 

497 

2315-0 

4-8 

3-3 

20-98 

230-0 

763-2 

494 

23047 

4-8 

M-JI 

216 -0 

764-5 

496 

2308-9 

4-8 

2-2 

21-47 

220-O 

764-8 

496 

2485-0 

4-7 

1-6 

J3-69 

13I-0 

765-9 

500 

250. -c, 

4-4 

2-2 

22-31 

227-0 

766-1 

497 

2644-J 

4-4 

1-7 

24-92 

123-0 

767-6 

497 

2649-0 

"■4 

2438 

133  D 

767-4 

498 

2667-0 

4-2 

3' 

33-44 

2290 

767-7 

494 

2679-2 

"5 

23 -OS 

767-4 

501 

2678-0 

r2-.i 

>3-0S 

127-0 

768-6 

498 

268, -S 

4-2 

b< 

23-05 

2280 

769-0 

498 

2303-3 

47 

.'■". 

23-40 

230-0 

768-0 

494 

2304-7 

4-5 

[3-0 

11-95 

131-0 

76S-O 

493 
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deduction  of  pendulum  obsercatiann,  Waikiki,  Honolulu. 
[PeriodH  reduced  to  temperature,  15°  0. ;  presHure,  500**  at  0*^  C. ;  arc  infinitely  Hinall ;  sidereal  time.] 


Posi- 
tion. 

J 

C<»rrectionK  (in  seventli  decimal  place). 

Perioil  uncorrected. 

Arc. 

Tempera- 
ture. 

Pressure.    ! 

1 

1 

Kate. 

Period  corrected. 

Seioftiis. 

SeiOfti/s. 

I) 

«*500  935i 

—27 

-349 

+4 

-1-340 

0-500  9319 

334 

-25 

-338 

+3 

4-317 

291 

398 

—49 

-332 

f8 

4-3'7 

342 

345 

-35 

-308 

-f-5 

+304 

3" 

325 

-35 

373 

+6             -f298 

221 

414 

—29 

-354 

+  2       i      4-292 

1 

Felj.    lo 

325 

302 

D 

0501  0822 

-58 

-248 

+5            -f-29i 

0-501  0812 

871 

—41 

-303 

■\-i            -i-291 

821 

851 

-41 

268 

+3 

4-291 
Feb.   20 

836 

823 

D 

0501  ooSi 

—32 

-361 

0 

4-294 

0-500  9982 

R 

012 

37 

303 

+2 

4-294 
Feb.    21 

968 

975 

D 

0500  9472 

—31 

—412 

4-2 

4-289 

0-500  9320 

455 

—27 

-389 

f2 

+317 

358 

392 

-47 

-350 

+5 

4-338 

338 

348 

27 

-334 

-I 

4-349 

335 

353 

-34 

334 

+  2 

4-349 

336 

341 

-34 

—334 

+  2 

-t-343 
Feb.   26 

318 

334 

D 

0501  0878 

-52 

—349 

H-5 

+333 

0-501  0815 

R 

871 

-51 

330 

+6 

333 
Mar.     I 

829 

822 

v.  S.  COAST   AND    GKODETIC    SURVEY. 

Pandulam  obgerralionf,  U'aikiki,  Heaolulu. 

lObsenw:  K.  I>.  Pmitmi .  1 


_ 

1 

,  Time  <i( 

1 

.J»... 

t 

'J^t 

len  coin- 

B. 

18,2. 

A. 

^ 

Ili 

D 

Mar.  2 

9.2 

30 

yS'^-o 

2504 'O 

R 

^ 

no 

16 

402a  ■□ 

IS'JS 

Do 

D 

4 

8'B 

'4 

3750-0 

2678-6 

5 

gS 

40 

1074 1  0 

a6Ss-z 

8 

11-4 

16 

4346-0 

2716-2 

9 

9-S 

3^ 

87480 

2733-8 

9 '4 

30 

8r79'o 

2716-3 

'1 

9-4 

30 

8087-0 

16957 

r4 

97 

38 

10241  0 

2695-0 

B, 

D 

i6 

8-3 

.8 

41490 

2305-0 

k 

.6 

g.fi 

'4 

32295 

2306-S 

B, 

D 

■9 

8-4 

16 

3996-0 

24975 

R 

'9 

9'S 

" 

3012-0 

25100 

s. 

U 

30 

S-9 

:8 

48,0-0 

26SJ-3 

9'5 

34 

9141-0 

2688-5 

'3 

IO-5 

3« 

8058-0 

3686-0 

24 

94 

30 

8039-0 

2679-7 

29 

9-4 

30 

S058-0 

2686-0 

30 

95 

34 

qIo6-o 

2678-2 

— 

3' 

9  4 

32 

8578-0 

2680-6 

Scm 

..^r 

Tcm- 

M.no=>-'B.rom-I,!;:^^i 

iti.1 

Kin.,, 

""'"■ 

""'- 

o°C. 

« 

»,w. 

"C. 

Him. 

mm 

mm. 

22-80 

225-0 

767-6 

499 

3-0 

22-22 

2300 

767-4 

495 

3-0 

23-30 

231-0 

766-5 

492 

1-5 

22-56 

765-0 

501 

2-9 

19-65 

236-0 

7G49 

492 

1-8 

18-71 

231-0 

7653 

498 

(2-01 

19-30 

230-0 

765-8 

500 

ti-o; 

21-38 

2250 

767-7 

502 

1-5 

21-92 

767-S 

S03 

■2 

2-9 

23-30 

236-0 

768-0 

488 

-2 

3" 

22 -So 

238-0 

768-4 

488 

-0 

2-9 

23-40 

2350 

768-1 

489 

■9 

[2-9] 

23-95 

237-0 

768-3 

489 

2-0 

23- '5 

ny° 

768-8 

493 

13 

23-10 

228-0 

769-5 

498 

■6 

[•■51 

22-85 

229-0 

7693 

497 

■5 

1-4 

2389 

2490 

769-2 

477 

■45 

'5 

2315 

225-0 

769-3 

500 

13 

23-69 

224-0 

7693 

500 

■4       1-S 

23-59 

225-0 

770-0 

500 
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lieductioH  of  pendulum  obttervationt,  JVaikikif  Honolulu. 
[PeriiNlH  rtHlurxMl  to  temi>erntur«,  IS"'  C ;  preMHiire,  300*"  at  O^  C. ;  arc  infinitely  small ;  sidereal  time.] 


Pt»8i- 
tiun. 

1 

1 

rorrectioiis  (in  seventh  decimal 

1  place). 

Period  uncorrected. 

Period  correeted. 

Arr. 

1 

Tempera- 
ture. 

Pressure. 

Rate. 

StYonds. 

Sdconds. 

1) 

0-501  0004 

-39 

—324 

+    I 

+347 

0-500  9989 

R 

09965 

!     -47 

—300 

■\-  4 

+347 
Mar.  2 

969 

979 

1)     . 

0500  935 » 

46              344 

+  6 

+352 

0500  9319 

•                    327 

—27 

-314 

—  I 

+341 

326 

1                    221 

-44 

-193 

+  6 

-1343 

333 

162 

-30 

154 

■r  2 

+358 

338 

186 

33 

-178 

0 

+335 

310 

291 

-33 

-265 

—  2 

+341 

332 

1                    294 

-27 

-287 

-  2 

-^338 
Mar.  9 

316 

325 

I) 

0-501  0870 

—44          —344 

+  9 

+331 

0-501  0822 

R 

861 

-47 

-324 

•+  9 

+331 
Mar.   16 

830 

826 

I) 

0-501  0030 

—42 

—349 

+  9 

+33' 

0-500  9979 

R 

09980 

• 

—41 

—330 

+  9 

+33> 
Mar.   19 

949 

964 

D 

0500  9334 

—24 

-Z3^ 

+  6 

+343 

0-500  9321 

316 

18 

-:s3^^ 

+  2 

f338 

302 

325 

— 22 

-326 

+  2 

1334 

313 

346 

—20           -369 

^IS 

+336 

311 

325 

—20     '      -338 

0 

+335 

302 

352 

-18     i          361 

0 

f-340        ; 

313 

344 

-20     ;       -356 

0 

-1  336 

Mar.  26 

304 

■ 

309 

U.  8.  COAST  AND   GEODETIC  8UBVET. 
iVadiiliini  ohKTcationt,  Waikiki,  Honolulu. 

[ObHrVET:  K.  I),  rcestiin.l 


■3 

■3 

8 
18 

4* 

■6 

10 

■4 

16 

■1 

20 

■9 

38 

■1 

16 

■3 

8 

36 

3« 

■4 

ifi 

■4 

16 

■( 

■1 

6 

■4 

J2 

.^-J^ 

-niiKof 

[nilial   fin.1. 

K.™™. 

/  ' 

^_ 

w« 

'C 

m«. 

™™ 

mw. 

4r48s 

23047 

SO 

22-90 

231-0 

76S-O 

494 

1841 'O 

2301-1 

5-0 

41 

22-75 

2350 

768-0 

491 

4465 'O 

2480-6 

S-o 

3-5 

24-49 

228-0 

766-3 

492 

05.52-0 

2507-6 

5-0 

2-0 

23-05 

224-0 

765-8 

498 

SJt9-o 

2659-5 

4-5 

2-9 

24-28 

229-0 

766-5 

491 

4247-0 

26544 

4-6 

30 

24-82 

236 -0 

766-1 

493 

3181-0 

2650-8 

4-6 

3-4 

24-22 

228.0 

766,4 

492 

4584-5 

2292-2 

50 

3" 

24-77 

227-0 

766-8 

493 

6434-5 

2298-0 

49 

27 

2394 

227 -o 

766-8 

495 

3961 'O 

2475-6 

50 

32 

25-07 

227-0 

767-0 

493 

1989-0 

24S6-2 

4  9 

3-1 

24-53 

239-0 

767-0 

492 

69J2-0 

2666-1 

4-6 

2-0 

24-04 

225-0 

767-6 

496 

OI29-0' 

2665-5 

4-6 

1-8 

24*33 

767-4 

499 

478SS 

3660-3 

4-6 

2-8 

24-77 

229 

766-8 

491 

4262-0 

2663-8 

4-6 

30 

2433 

226 

766-7 

494 

4143-0 

2651-9 

4-6 

25-17 

326 

765 '4 

492 

37S4-S 

2660-4 

4-5 

[2-9] 

24-33 

227 

765-7 

494 

3721-5 

2658-9 

4-6 

24-53 

327 

766-4 

493 

:590-o 

2650-0 

4-6 

328 

765 '4 

491 

8478-0 

2649-4 

4-5 

[1-8] 

ss;63 

234-0 

767-0 

495 
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lieductiott  of  pendulum  ohaerrationtf,  JVaikiki,  Honolulu. 
[PcHcnIh  rv<liu*ed  to  teini>enitiir«\  Ib^  C :  i>r«««iire,  500**  at  (H'  (-. ;  arc  infinitely  small;  sidereal  time.] 


("orrectioas  (in  seventh  dcciuiu 

I  placf). 

Posi- 

l*cr'nMl unrorrct'te<i. 

— 

- 

— 

Period  corrected. 

tion. 

Arc. 

1    Tcmpcni- 

l*rcssurc. 

Kate. 

1 

;        turc. 

1 

.. 

StYOftt/s. 

! 

Sfionds. 

I) 

0-501  0871 

-59 

-328 

-4-5 

*  335 

0-501  0824 

R 

888 

-73 

-322 

■17 

t  335 
Apr.     6 

835 

830 

I) 

0-501  0099 

-63 

-394 

i^> 

'  339 

0-500  99S7 

k 

09990 

-41 

-334 

-f-2 

4-339 
Apr.     9 

956 

972 

1) 

0-500  9418 

-48 

-385 

-7 

I  340 

0500  9332 

436 

-50 

408 

6 

.  4-345 

329 

449 

-56 

-3^5 

-  (> 

1351 
Apr.    14 

367 

343 

1) 

0501  0930 

-57 

-405 

'  6 

1-343 

0-501  0817 

R 

903 

-50 

—371 

■:  4 

4-343 
Apr.    16 

829 

823 

I) 

0-501  01 19 

-59 

418 

M> 

345 

05009993 

R 

075 

-56 

-395 

yd 

1-345 
Apr.    17 

975 

984 

I) 

0-500  9395 

-37 

-375 

4-3 

-i  337 

0500  9323 

397 

-34 

-387 

—  I 

t  344 

321 

415 

-48 

-  405 

:  7 

i-353 

322 

403 

-50 

-387 

-f-5 

1  347 

3'8 

445 

-50 

-422 

-6 

4  353 

332 

415 

-48 

-387 

-5 

4-335 

320 

420 

-50 

395 

+<i 

4-334 

315 

452 

— 67 

-398 

:  7 

i-340 

334 

454 

—33 

—441 

4-4 

■-1-318 
Apr.   25 

302 

321 

U.  8.  COAST  AND  GEODETIC  SURVEY. 

J'tHilHluH  ohtrrratiom,  Waikiki.  Hoh.iIhIh. 

inbMrm:  E.  1).  Pmlnn.J 

I  "Hine  of      Si>mi-»rc.     I  ^^^^^_ 
n.K  IddeiK-e  .~  ,     i  I™" 


.  i,. 


.1186-0 1  il^y^ 
5940*0 1  2284-6 

3<J92-0|  2495-0 


3744 -o 

3674 '3 

4-6 

3762-0 

2687-. 

4-6 

0.64-0 

2674-7 

45 

4249-0 

i6SS-6 

4'6 

17J2.0 

2658-6 

4-5 

i>9oo-o 

2653 -K 

4-6 

41220 

3638-8 

4-6 

4099-0 

J277-2 

5-0 

59.17  ■» 

22S3-S 

4  9 

395o-(i 

2468-8 

4  9 

7956-0 

24862 

4  9 

a. 

Ilia. 

S-0 
48 

3^6 

2-8 

S-o 
4-9 

2-9 

4-6 
4-6 

.i'i 

IJ-IO 

M-16 

23-94 

24-68 

225 -c 

227 -C 

226 -r 
2  (It 

24-72 
25-17 
2633 

231  c 

227- 

26-1 J 
2S  17 

236- 

226- 

25-42 

24-67 

225- 
205- 

I    S47S0  2649'4 

9554-0  2653-9 

I11S4-0  2655-7 

53050  MiS^-S 


d 

mm 

m«\ 

7670 
766-7 

492 

498 

763-8 
763-8 

496 

498 

7647 
764-8 

768-4 

497 
496 
496 
490 
490 
490 
-193 

76S-5 
769-0 

493 

496 

766-1 
766-4 

494 

S14 

766-9 

767-9 

768-3 
770-2 

49S 
So< 
50* 
499 
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Beduclian  of  pendulum  obtfervations,  IVaikikif  Honolulu. 
[Penults  rwliu-wl  to  temperature,  lii^  C. ;  presMure,  SOO*"  at  0-^  C;  arc  intliiitely  HniHll;  Hulereal  tinio.J 


! 
IS 

rorrocti'ins  (in  seventh  decimal 

place). 

1  OSl- 

tiun. 

Period  uncorrected. 

Arc           Tcn»|>era- 
'^^^'               turc. 

Pressure. 

Kate. 

Pcrifid  corrected. 

Stfcoftt/s. 

Seco9tJs. 

D 
K 

0-501  lOlO 
I  0967 

65              --46S 
-50      i            414 

1 

1 

r  6 

-f  2 

+328 
-328 

May  2 

0-501  0811 

822 

I) 
R 

0-501  0040 
0  9087 

60     .            340       1 

-53          — 3'o 

+  3 

+  2 

+342 
+  342 

May  4 

0500  9985 

968 

976 

J) 

0-500  9365 
321 
364 
432 
421 

439 
492 

52     ,         336 
-52    ;      -297 

-29    :         371 
-52    .     —402 

-4S          -403 

-39            -422 

-49           -470 

1 

1 

•    2 

■1    3 
1-  3 

:  « 
h  s 

■f  8 
.    6 

-1-340 
f353 

-1-347 

i-327 

+334 

1      +343 

+329 

Mav  10 

0500  9319 

328 

314 

312 

329 
308 

3IS 

I) 
R 

0-501  1002 
I  0972 

-57 
51 

-462 
— 422 

f-  6 
r  3 

+339 
+339 

May  15 

0-501  0828 

841 

[ 

834 

I) 
R 

0-501  0147 
075 

-  56 
41 

—432 
-401 

!    5 
—  II 

'       :  336 
May  18 

0-501  0000 

0  9958 

0  9979 

1) 

1        0500  9454 

43« 
432 
443 

-  35 

-35 

30 
50 

—441 

-428 

426 

401 

-|-  2 

—  I 

-  2 

4  34(J 

r3S(> 

.       1-336 

+340 

<)-5oo  9326 
310 

310 
333 
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U.  S.  COAST  AND  GEODETIC  SURVEY. 


Penduluni  obnervationSy  Waikiki,  Honolulu, 
[OlMwrwr:  E.  I).  Prerttou.] 


endulum. 

Ositiou. 

Date. 

• 

1 

io.  of  CO- 
ncidence 
ntervals. 

1 

Time  in 

scfonds. 

Time  of       Semi-art-.     .  t__, 
ten  coin-            ,    _            \f"*'    , 

intervals.  Imtiul.  Final.   •*^"^®-  ' 

Manom- 
eter.  1 

1 

'»^-"!sureut 
ettr.      ^o(j 

-   1 

W       /;---j 

1 

1 

.._ 

1 

1 892. 

1                               1 
s.        !       s.         mm.  1 

1 
WW.  .    °  C. 

mm. 

mm. 

mm. 

H;i 

'> 

May  25 

157    42 

1 1 175  0     26607  1    47  i 

1-4  !  24  62 

217-0 

768  5  1  505 

1 

1 

26 

144    20 

53000  1  26500  1    47 

29  1  24  92 

224-0 

768  9  1  4f)8 

. 

28 

1571  42 

1 1 167  0 

26588 

47 

1-5  1  24 -68 

1 

214-0 

766 -2  '  505  1 

n, 

I> 

June     3 

147 ,  16 

36550 

2284*4 

4*9 

1 
35     2502 

225-0 

766-4     495  1 

B, 

i) 

4 

147  1    16 

1 

3953  0  '  24706 

5-0 

33 

25-12 

226-0 

767 -6 

495 

B3 

]) 

5 

147  !    16 

i 

42430     2651-9 

47 

30 

25-12 

244-0 

767 -6 

477 

7 

147 :  16 

4235-0 

2646-9 

4*6 

3-0 

2548 

227-0 

7679 

493  i 

II 

'57 

28 

7421  0 

26504 

[4-4] 

2-1 

2548 

225-0 

767-8 

495 
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Reduction  of  peadttlttiH  ohservatioHSy  IVaikiki,  Honolulu, 
[Poriu<lH  reduceil  to  temperaiiire,  15-'>  C. ;  pressure,  500""*  at  0^  (.?. ;  aro  inflnltely  smull ;  Hidi*rf*al  time.] 


Corrections  (in  seventh  decimal 

place). 

Posi- 
tion. 

Pcrio«i  uncorrected. 

.Arc. 

Tempera- 
ture. 

Pressure. 

Rate. 

Period  corrected. 

ScionJs. 

Sccofids, 

D 

0500  9414 

452 
421 

-    29 
-50 

-31 

-399 
-412 

— 402 

—   4 

+    2 

-  4 

• 

-f333 
-336 

May  25 

0-5009315 

325 
320 

320 

I) 

0-501  0968 

62 

— 416 

-h  4 

-329 
June  3 

0-501  0823 

0-501  0823 

I) 

0501  0140 

60 

420               f   4 

i 

r334 
June  4 

0*500  9998 

0-500  9998 

I) 

0-500  9445 

4^3 
450 

1 

52 
-50 

-36 

—420 

435 
-435 

^18 

+  4 

t-339 
1  342 
i-342 

June  8 

0-500  9330 
326 

325 

327 

558 


U.  8.  COAST  AND  GEODETIC  SURVEY. 


Pendulum  No.  3  was  iuvariably  swung  in  the  direct  position.  No.  1 
and  No.  2  were  used  both  in  the  direct  and  reverse,  when  possible. 
In  order  to  redu(!e  the  results  to  the  same  conditions,  a  correction 
is  applied  when  only  one  i>osition  was  obtained.  This  correction  is 
deduced  from  all  the  reversals  during  the  year,  as  shown  in  the  follow- 
ing table: 

Diffei'ences  between  the  periods  of  pendulums  B\  and  Bifor  the  direct  and  reverse  positions. 


Date. 

D— R 

H, 
D-R 

* 
189I-I 

S92. 

jr. 

.. 

_ 

June 

26 

i-o  000  0010 

-O-OOO  0010 

Aug. 

2 

4- 

38 

— 

28 

Sept. 

4 

-i- 

26 

02 

Oct. 

4 

i- 

22 

22 

31 

27 

— 

«9 

Dec. 

■» 
J 

-\- 

07 

— 

18 

Jan. 

6 
ig 

i- 

25 

08 

leb. 

3 
21 

t 

29 
14 

18  • 

Mar. 

I 

4- 

20 

— 

14 

17 

4- 

30 

— 

08 

Apr. 

8 

-f- 

31 

II 

16 

■1- 

18 

12 

May 

3 

-f 

17 

22 

16 
cans 

42 

13 

1 

M 

-f  o-ooo  0024 

— 0-0000015 

The  signs  remain  the  same  throughout  the  year,  and  we  have  a  mean 

value  of 

s, 

for  Bx  (7>—i2)= -O-OOO  0015 
B2  (7>— E)=+0-(K)0  0024 

The  correction,  therefore,  to  reduce  those  observations  made  in  the 
direct  position  to  the  mean  of  those  nuvde  in  both  is 

+0'000  0008  for  Bi  and 
--0r000  0012  <<  B| 
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Tliese  corrections  being  applied,  we  hkve  the  following  table.  Mean 
values  are  taken  for  those  periods  during  which  continuous  observations 
were  made  with  each  pendulum: 


Date. 


K, 


Period. 


No. 

of 

obs. 


1891-92. 

Seionds. 

June  27 

0501  0871 

2 

Aug.  3 

869 

2 

h'cpt.  6 

856 

2 

Oct.   5 

861 

2 

Nov.  I 

846- 

2 

Dec.  5 

838 

2 

Jan.   I 

850 

I 

6 

832 

2 

16 

823 

I 

Fel>.   3 

819 

2 

20 

831 

2 

Mar.   I 

822 

2 

16 

826 

2 

Apr.  6 

830 

2 

16 

823 

2 

May   2 

822 

2 

15 

834 

2 

June  3 

831 

I 

Dat( 

L*. 

1891- 

'92. 

Junc 

26 

o- 

Aug. 

2 

Sept. 

2 

Oct. 

4 
31 

Dec. 

I 

Jan. 

2 
10 

18 

V^h. 

4 
21 

Mar. 

2 

19 

Apr. 

9 
17 

May 

4 
18 

June 

4 

B, 


IVrioil. 


Sfcont/s. 
0501  0015 
I  0018 
09979 
09997 
09994 
I  0002 
o  9981 

09997 
72 

76 

75 
79 
64 

72 

84 
76 

79 
86 


No. 

of 

obs. 


Date. 


2 
2 
2 
2 
2 
2 
I 
I 
2 
2 


1 89 1 -'92 

June  17 
July  14 
Aug.  17  ' 
Sept.  19 
Oct.  19 
Nov.  17 
Dec.  18 
Jan.  5 
12 
26 


2  •  Feb.    10 

2  25 

2  Mar.     9 

2  25 

2  .  Apr.    14 

2  I              24 

2  i  May     9 

I  '    24 
June     8 


B, 

No. 

Period.  • 

of 

obs. 

Secotitis. 

0-5009410 

16 

380 

17 

364 

18 

350 

9 

344 

7 

346 

14 

341 

19 

338 

2 

329 

2 

324 

8 

302 

6 

334 

6 

325 

7 

309 

7 

343 

3 

321 

9 

318 

7 

320 

7 

327 

3 

Comparing  the  i)receding  values  with  the  respective  mean  values  for 
each  pendulum,  we  get  the  following  ditt'erences.  The  column  headed 
{t)  gives  the  excess  (minus)  or  defect  (plus)  of  the  observed  period  of 
the  pendulum  over  the  mean  value  for  the  year  in  units  of  the  seventh* 
decimal  place  of  sidereal  seconds.  The  following  column,  headed  (</), 
gives  the  excess  or  defect  of  the  force  of  gravity,  the  unit  being  one 
ten-millionth  part  of  gravity.  The  sign  plus  indicates  in  this  column 
that  the  observed  force  of  gravity  at  the  given  date  is  less  than  the 
mean  value  for  the  year.  The  fourth  column  gives  mean  values  autl 
(lates  for  successive  groups  of  three ; 
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X\  S.  COAST   AND   GEODETIC   SIJRVKV. 


Hi 

H» 

" 

a 

1 

Mean  value,  o'5<»i  08 j8'.           1           Mean  value,  o'sotj  9986'.          1           Mean  value,  0*500  9338«. 

Date. 

/.         .;-.        Means.         Date, 

1          .                      1                   ;                 1 
/.         /r.    j   Means.  1      Dale,          /.    '     x^.    .    \feans. 

II                    ' 

l89I-'92. 

1               1 

1                1891-92. 

1891-92-,         1 

June  27 
Aug.    3 

--33 

-31 

+'3^iAujr.  2  Jr^^^ 

-f-I24i'^"^_^.'\ug.      2 

+  7I-28    72 

June  17    -72 
July    14  —42 

HI  '-^' 

Sept.   6 

-18 

■f    72 

'-^     Sept.    2 

Aug.  17     -26 

Oct.     5 

-23 

-f  92;  xw.  ,:^>^^-  4 

-11+  44 

Nov    I 

.Sept.  19       12-f  48; 

Oct.    19   -06-:-   24  "''*•    '9 

Xov.  17  — 081-f  32!     ~^^^ 

Nov.    I 

08 

-h  32 

-08:+  32 

^  '  *  '  '  •    ■ 

!-47 

Dec.    5 

00 

c» 

^'•♦'     1  Dec.     I 

- 16;-!  64 

Jan.      I 

6 

16 

—  12 

-1-06 

fiS 

i-  48 

—  24 

60 

T          0  1  fa"-      2  1  ^  51  —  20  T 

J-/i*'      .  ,0    ■  ,i+  44  J^^r 

"'^               18  -hi4;--56     ~'° 

Dec.  18   -0^1 -I-   12'  T 

Jan.     5^-1       CO  J-  3' 

12,4-09;-     36 

Feb.    3 
20 

+  19 
4-07 

—  76  TT  K  .  •  '  I''eb.     4 
-  28  F^^^i'^              2T 

-|-IO     -     40    T-,    I        . 

reK  ?^  t^z£  FeK  ,0 

Mar.    I 

+  16 

-  64 

~"^"       Mar.    2  -f-07        28 

—J/ 

25   4-04-    i6|         ' 

16 
Apr.     6 

4-12 
+08 

-48 
—  32 

Anr    2               '9  +22 
^^''J     Apr.     9    f  14 

•*'                      17    -f02 

-88'            ,     Mar.    9lfi3-    52,  ^.^ 

16 

4-15 

60 

-   -    08 

^'     '  Apr.  14     -OS  +    201         '^'^ 

May     2 
IS 

fi6 
-f-04 

-  64 

16 

May  1 7 
-36 

Mav    4 
18 

-l-io 

+07 

—    40 
-28 

Mayi9'M       ""i  til"      f'May  16 
^/iMay    9  -f20       80,     _^^g 

-^^    ,            24,418-     72          ^^ 

June    3 

+07 

-  28 

June    4 

cx)       00 

1 
,         1 

June    8     ;  1 1  -  -  44 

' 

1 

_ 

The  above  vnriation.s  of  gravity  arc-  shown  ^rapliically  in  illustratiou 
No.  25.  The  sinane.st  sqiuin*  in  the  diagram  represents  one  millionth 
part  of  gravity,  and  tor  this  argnment  the  plotting  is  done  to  the  near- 
est line  in  the  diagram.  For  the  time  argument  the  nearest  day  is 
plotted,  four  days  representing  the  space  between  vertical  lines. 

From  the  observations  at  Washington  cited  in  the  iirst  part  of  this 
paper,  it  appears  that  the*  time  of  oscillation  of  the  pendulums  was 
decreased  on  acex)unt  of  use.  b(»tween  April,  1891,  and  December,  1892, 
by  the  following  amounts: 


for  7^1 

0-()(K>  (K)39 

B, 

17 

B. 

17 

It  is  assumed  that  this  change  took  i)hice  during  the  time  the  pen- 
dulums were  in  actual  use,  that  is  from  June  9,  1891,  to  October  1, 1892. 
The  above  decrease  in  the  pi^riods  correspond  io  an  incTcase  in  the  force 
of  gravity  of 

15'(>  millionths  of  g  for  ])endulum  Bi 

C-8  "         ''  "   "  "  Ri 


CrS 


n 


U    U      .i 


k( 


i?, 


Supposing  that  this  eflect  was  ])roiX)rtional  to  the  time,  we  have  the 
following  table,  which  gives  the  apparent  iucrease  in  gravity  after  cor- 


REPORT   FOR   1893 — PART    II. 


561 


iH3cting  for  wear  of  the  knives.    These  Viilues  are  plotted  in  illiiBtratiou 
No.  25  and  are  indicated  by  the  sign  ^: 


Rendu- 

1  -- 

Date. 

lum. 

• 

l89l-'92. 

B. 

Auij.       2 

Nov.      3 

Jan.        8 

Feb.     1 8 

Apr.       2 

May      17 

• 

July     3' 

Nov.       I 

Jan.      10 

Feb.      19 

Apr.       5 

May     1 9 

Bn 

July      12 

Oct.      19 

Jan.        I 

Feb.     10 

Mar.     27 

May     16 

d^- 


-f-109 

-f  41 

—    12 

-  56 
-   47 

-  36 

4-  72 

+  47 

—  10 

-  37 

-  5« 

—  23 

4-186 

-f  35 

—  8 

—  72 

—  49 

-  66 


Days  from        Effect  of    '  Apparent  in- 
June  9,1891.1        wear.       I  crease  of  ^^ 


54 
147 
213 
254 
298 

343 

52 

'45 

215 

255 
301 

345 

132 
206 

246 

292 

342 


+  17 
-f  48 
-I-  69 

I-  83 

-h  97 
+  111 

+  7 

+  21 

+  31 

+  36 

-f  43 

+  49 


f 

+ 


5 

19 
29 


4-126 

-h  89 

■f-  57 

-h  27 

-f  50 

-h  75 

V  79 
-f  68 

I-  21 

—  I 

-  8 

-f-  26 

-}-i9i 


4-  35 
-f  41 
-f-  49 


54 
21 

37 
-     8 

-  17 


After  thns  correcting  for  wear  we  then  liave  an  increase  of  gravity, 
between  July,  1891,  and  May,  1892,  of 

5  millionths  for  Bx 

5  *<  "    Bi 

21  <*  *^    ^3 

giving  an  average  of  10  millionths  for  the  three  pendulums.  Tliis  is 
equivalent  to  a  de<5rea8<^.  of  4^0-^0-0  ^^  ^  second  in  the  time  of  oscilla- 
tion of  a  half  second  pendulum.  When  we  consider  that  all  three  i)en- 
dulums  indicate  a  slight  increase  of  the  force  of  gravity,  it  is  worth 
while  to  examine  the  conditions  under  which  the  work  was  done.  The 
intluences  bciiring  on  the  result  were  in  several  resin^cts  such  that  their 
eftect  on  differences  of  the  force  of  gravity  w^ould  be  entirely  eliminated 
when  comi)aris()ns  are  ma<le  between  observations  made  one  year  apart. 
Any  effect  on  the  time  of  oscillation  of  the  pendulum  depending  on  the 
inllnence  of  climate  shouhl  be  the  same  at  the  same  season  of  the  year. 
The  influence  of  temperature  on  the  rate  of  the  chronometer  and  the 
effect  of  erronecms  indications  of  the  thermometer  consequent  upon 
the  failure  of  the  pendulums  to  take  the  temperature  as  soon  aa  the 
mercury  in  the  thermometer,  although  varying  with  the  season,  should 
be  nearly  the  same  for  June,  1891,  and  June,  1892.  These  conditions, 
moreover,  change  but  little  throughout  the  year  at  Waikiki.  The 
stiir  places  can  not  affeet  the  character  of  the  result,  since  the  same 
stars  were  observed  for  time  during  several  months,  and  the  identical 
ones  were  used  for  the  work  of  June,  1891,  and  in  the  determinations 
S.  Ex.  lu,  pt.  2 36 
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twelve  nionths  later.  It  is  true  that  the  wear  of  tlie  knives  was  per 
ceptible  during  the  year,  and  that  this  effectt  on  the  time  of  oscilhition 
of  the  pendulums  is  the  same  as  would  be  i>roduced  by  an  increase  of 
the  force  of  gravity.  But  the  effect  of  wear  will  not  quite  account 
for  the  observed  decrease  in  the  period  of  the  penduhims.  In  fact,  the 
observed  decrease  in  7^:,  is  more  than  three  times  that  attributed  to  wear. 
Moreover,  we  must  not  lose  sight  of  the  fact  tliat  this  effect  was  deter- 
mined by  a  comparison  of  the  times  of  osc^illation  at  Washington  before 
and  after  the  work  at  Waikiki,  and  that  this  naturally  jissumes  that  the 
force  of  gravity  at  Washington  was  constant  during  the  year,  or  at 
least  that  it  was  the  same  at  the  time  that  the  two  determinations  were 
made.  This  may  or  may  not  be  the  case.  Indeed,  there  is,  a  priori, 
no  more  reiison  to  suppose  a  variation  at  one  place  than  at  the  other, 
except  the  volcanic  nature  of  the  islands,  and  the  effect  of  wear  wouhl 
probably  l>est  be  estimated  by  considering  alone  the  Waikiki  observa- 
tions in  which  one  of  the  ])endulums  was  swung  so  much  more  th;in  tlie 
other  two  that  the  effect  of  wear  on  these  may  be  neglect<Ml  in  t\ii}  com- 
l)arison.  Pendulum  No.  1  and  pendulum  No.  2  were  efMth  used  on  18 
nights,  while  penduhim  No.  3  was  used  on  KJ3  nights,  or  in  the  pro- 
portion of  about  9  to  1.  The  weight  of  all  the  pemlulums  being  the 
same,  the  agate  knives  being  of  the  same  material,  and  the  support 
being  -identical,  we  should  exi>ect  e<]ual  effects  for  equal  amounts  of 
work,  and  a  t-olerfible  accurate  estimatt^.  of  the  effect  of  use  may  be  had 
independent  of  the  Washington  com[)arisons.  It  is  well  known  that 
tlie  effect  on  the  time  of  oscillation  of  the  wearing  off  of  the  knife  and 
of  its  blunting  are  in  opposite  directions.  In  the  first  case  the  pendu- 
lum is  virtually  made  longer  and  hence  oscillates  slower.  In  the  latter 
the  effect  is  to  make  it  oscillate  more  rapidly,  so  that  there  is  some 
compensation  in  the  total  effect.  Whatever  may  have  bei^n  the  effect 
of  use,  as  regards  the  amount  to  be  attributed  to  each  of  these  causes, 
the  pendulums  do  not  seem  to  have  diverged  from  each  other  more 
than  a  few  millionths  of  a  second  during  the  yefir,  and  there  appear  no 
progressive  changes  depending  on  the  time,  which  should  be  the  case  if 
these  changes  were  a  function  of  the  wear.  The  following  table  gives 
a  com])arison  of  the  pendulums  at  those  times  during  the  year  when  a 
change  was  made  from  one  instrument  to  the  other.  Since  ^i  and  B2 
were  swung  between  the  times  of  swinging  Jl^^  the  mean  value  of  B3 
b(»fore  and  after  is  compared  with  each  of  the  others.  The  unit  is  one 
ten-millionth  of  a  sidereal  second. 
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KS' 

I  SO  J 

'S04 

.,oS 

1500 

,,.,.. 

»,-... 

H^Tl, 

,8,,. 

...  8 

+  ,  1 

IS 

W,      ] 

■  7 
i    3 

16 

+  7 

Mar.      I 

+  4 

-  5 

.  that  tlie  peiidiilii ni.s  were  uot  swung  :it  tbo  same  station  in 
)ii  before  nnd  after  tlie  work  in  tlio  Hiiwaiiaii  iHlandn  can 
ow  any  iiiicertainty  on  the  coiiiparisona  l»eti>ro  anrl  after  tbe 
.  The  comietrtioii  wan  ma<le  by  the  telcgmphic  metbotl, 
liiiiis  being  swnng  miiiultanooiiitly  iiiul  the  greatest  iliserop- 
e  period  of  iiiilividnal  swings  from  the  mean  value  was  only 
I  two  and  one-half  millions.  It  does  not  seem  that  the  cor- 
r  amplitude,  temperature,  atmospheric  pressnre,  or  rate  of 
er  could  be  in  error  suflieieutly  to  aveomit  for  tbe  change  of 
tieed  at  Waikiki.  Even  supposing  that  the  coeflicienta  were 
y  a<'ciirate,  or  that  the  amplitude  scale  was  not  true  this 
influence  relative  gravity,  since  the  corrections  were  calcu- 
tlie  same  constanta  throughout.    Tbe  rate  of  the  chronom- 
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eter  was  detenuiiMMl  eac*h  uijjlit  from  star  observations  and  also  from 
observations  before  and  after  tlie  giavity  determinations,  in  order  to 
detect  any  irregularity  in  the  rate  during  the  interval  from  night  to 
night.  The  result  of  this  investigation  was  that  greater  irregularities 
were  found  in  the  correetions  for  rate,  but  it  is  doubtful  whether  these 
variations  were  rei^lly  in  the  movement  of  the  chronometer  or  whether 
the  period  of  two  or  three  hours  was  not  so  short  that  they  came  from 
uncertainties  in  the  corrections  themselves.  Under  either  supposition, 
however,  the  result  for  the  variation  of  gravity  for  the  year  is  unchanged, 
because  when  we  apply  these  corrections,  deduced  from  determinations 
before  and  after  the  pendulum  work,  we  get  pnictically  the  same  result 
for  the  ])eriod8  of  continuous  work  with  each  i)endulum.  For  exam- 
pie,  for  those  pericnls  when  7^3  was  swung  continuously  we  have  the 
following  difterences  in  the  rate  corrections  by  the  two  methods: 


Oct. 

5 

Nov. 

4 

Dec. 

9 

Ian. 

20 

Feb. 

6 

23 

Mar. 

5 

21 

Apr. 

19 

May 

5 

21 

5  to  Oct.  30 
Nov.  30 
Dec.  30 
Jan.  -  27 
Feb 


Mar. 


May 


H 
29 

I  ) 

I 

28 


s. 

j-O-OCX) 

0007 

-1- 

05 

01 

f 

II 

08 

06 

— 

08 

07 

10 

-1 

12 

08 

-f  o-ooo  cool 

1 

Mean  =  _- 


It  appears,  then,  that  we  can  not  explain  the  i>rogressive  change  in 
j)eriod  during  the  year  by  using  chK*k  corrections  computed  from  short 
intervals  extending  over  the  pendulum  work  for  each  night,  and  that  on 
the  average  the  corrections  for  short  intervals  do  not  difter  materially 
from  those  adoi)ted  from  the  daily  rates. 

It  is  now  worth  while  to  see  what  a  change  of  400^)^0  ^^  *  second  in 
the  i>eriod  of  the  pendulums  represents  in  the  det<ermination  of  the 
lK»riod  and  in  the  corrections  that  are  api)lied  to  it.  In  order  to  have 
a  convenient  standard  of  reference,  this  effect  was  calculated  for  one- 
millionth  of  a  second,  and  we  have  approximately — 

A  change  of  O'OOOOOl'*  in  the  d<Mluced  period  is  produced  by  an  error 
of  5  seconds  in  noting  the  coincidence  between  the  chronometer  and 

pendulum  (swing  one  hour  long); 
of  i  mm.  in  estimating  both  initial  and  final  arcs  (swing  from  half 

amplitude,  5-0  mm.  to  3*0  mm.); 
of  00-25  0.  in  noting  the  temperature  of  the  pendulum; 
of  12  mm.  in  noting  height  of  manometer; 
of  0*2"  per  day  in  the  raUi  of  the  chronometer. 

An  error  of  4-o(Ah)«  of  a  second  in  the  i)eudulum  period  would  imply 
magnitudes  at  leiist  twice  those  given  above. 
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High  and  Low  Water  at  Honolulu,  Hawaiian  Islands,  from 

June  17, 1891,  to  June  30, 181)2. 

variation  of  the  sea  level. 

In  connection  with  the  variations  of  gravity,  if  such  variations  really 
exist,  it  may  not  be  out  of  place  to  show  the  variations  of  the  sea  level. 

No  ordinary  movement  of  the  tides,  however,  can  sensibly  affect  our 
results,  as  has  been  shown  both  theoretically  and  practically  by  several 
eminent  authorities.  (See  Helniert  Theil,  1 1,  pp.  144, 155;  Thomson  and 
Tait,  Vol.  I,  Tart  II;  Woodward  Bulletin  No.  48,  IT.  S.  Geoh)gical  Sur- 
vey, etc,) 

Professor  Woodward's  equation  is 


(J       2  r  A 


/   \p(f^)vo»i6d6 


where  g  =  JicceliTation  of  gravity. 

6  =  density  of  superposed  mass. 
^  =mean  density  of  earth. 
r  =  radius  of  earth. 
h(f}{(i)  =  thickness  of  superjiosed  lenticular  mass  at  angular  dis- 
tance (I  from  center  of  mass  \h(p{6)  =  hi  for  /^  =  0J. 
f^\  =  limiting  angle  of  H. 
If  we  take  c/)(f^)  =  cos 2    and  ^i  =  (ji)o  we  have 


dg3h6    r'^^.^^^flcosifidH 


j^  1 

If       is  taken  equal  to  -  the  above  equation  gives 

•^  _  .      api)roximately 
^  "~  10  r    *  ^  •^ 

whi(*h  shows  that  a  wave  of  the  above  form  must  be  21  feet  high  in 
order  to  change  gravity  by  its  ten-millionth  part. 

Thi'  following  table  gives  the  times  of  high  and  low  water  at  Hono- 
lulu,  together  with  the  reduced  height.  The  local  mean  civil  time  is 
given,  the  hours  counting  from  midnight.  Interi)olated  values  are 
given  in  bra(».kets.  The  heights  refer  to  the  mean  sea  level  for  the 
period  ])etween  June  17,  1891,  and  June  30, 1892.  This  mean  sea  level 
is  derived  from  all  thestaflf  readings  for  the  period  under  consideration. 
The  table  has  been  furnished  by  the  Tidal  Division  in  the  Coast  and 
(icodetic  Survey  Oflice  from  records  sent  by  the  Hawaiian  Government 
Survey.  Mr.  C  J.  Lyons,  in  charge  of  the  Government  Survey  Oflice 
at  Honolulu,  has  called  attention  to  the  existence  of  a  relation  between 
the  variations  of  latitude  and  the  change  in  the  sea  level. 
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High  and  low  water,  Uouolulu,  Hawaiian  Ialand«. 


Hi}rh> 

Date. 

Cor- 

rected 

time. 

189I. 

//.    f/t. 

June  17 

13   30 

18 

0   10 

13   30 

>9 

0  30 

14   10 

20 

0  50 

15  00 

21 

2    30 

»5  30 

22 

2  45 

16  30 

23 

4  20 

'7  '5 

24 

5  20 

17  55 

25 

6  25 

[18  35]; 

26 

[  7  30]: 

19  20 

27 

rs"3o] 

20  30 

28 

9  30 

21  40 

29 

10  50 

22   CK) 

30 

12    30 

22    55 

July  I 

12   45 

23    30 

0 

<3  45 

3 

I   '5 

14  15 

4 

2  00 

M  50 

5 

2  50 

<5  35 

6 

3  30 

16  00 

7 

4  20 

16  30 

8 

5  00 

17  20 

9 

i^  ^5 

18  20 

10 

6  30 

18  30  : 

II 

8  00  1 

19  50  i 

1 
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Hiyh  and  low  water,  Honolulu,  Hawaiian  Islanda — Continued. 


High 

wttter. 

Low  water. 

Cor- 
rected 
time. 

Reduced 
height. 

Feel. 

Cor- 
rected 
time. 

Reduced 
height. 

//.    ///. 

//.    /;/. 

Feet. 

2   15 

pO-40 

6  45 

—0-30 

15  00 

-f-l  70 

21    40 

—0-15 

2   40 

t-o-55 

7  50 

—0-45 

15    10 

4-170 

22    10 

—015 

3  10 

-|-o-6o 

8  30 

— 040 

15  50 

-ri-5o 

22    30 

— 0-20 

3  45 

1-070 

9  00 

—0-40 

16  10 

-I-I-60 

22    50 

—0-25 

4  25 

f-I'OO 

9  30 

—0-30 

16  20 

-|-o-90 

22    50 

— 040 
-0-35" 

4  30 

10   30 

17   10 

f- 1  05 

23    30 

--0-55 

5  30 

-f-o-8o 

II     15 

—015 

17  30 

-f-o-95 

6  30 

-l-ioo 

0    10 

—0-40 

17  50 

fo-8o 

12    30 

4  010 

6  40 

4-i"io 

0   30 

—0-30 

17  45 

fo-55 

12    30 

-{-010 

7  00 

-j-105 

0  00 

— 0-40 

18  00 

.4-0-40 
+  1-15 

15   00 
I    30 

.  4  015 
035 

8  20 

19  50 

-I-0-40 

16   30 

-fO-20 

10  00 

fi'30 

2   30 

—0-30 

20  30 

-|-OIO 

17    50 

4-005 

II  30 

+  1-35 

3  00 

-030 

23  00 

-f-o-io 

19  00 

— 005 

.  —  _  •  —  - 

4  30 

-0-30 

12  30 

-f  i-6o 

20  30 

— o-io 

0  40 

-I-1-20 

5   10 

-030 

13  20 

f  i-6o 

2Q  40 

-o-35_ 

2  20 

-r0'40 

6  35 

045 

14  10 

i  i-8o 

21  30 

— 045 

2  30 

-fo'45 

8  00 

— 0-50 

[15  00] 

[-f' 70] 

[22  00] 

[  -050] 

3  15 

fo-7o 

9  10 

— 0-50 

15  50 

4- 1 -60 

22  30 

-055 

3  55 

i-o-95 

9  20 

035 

16  30 

+  ^45 

22  30 

— 0-70 

4  40 

I-I-30 

10  40 

-0-30 

16  50 

-h>*35 

23  10 

— o-6o 

5  30' 

'  -j- 1  -40 

II  40 

— 0T5 

17  30 

-f-105 

23  20 

— 0-50 

6  30 

i-'-55 

17  50 

-|-o-8o 

12  45 

4-020 

7  30 

1  1-55 

0  00 

—0-30 

17  30 

-fo-45 

15  00 

4-0-I0 

9  00 

-f-150 

0  50 

-035 

20  20 

-J-0-20 

16  30 

4-015 

10  00 

4-1-50 

I  35 

— 0-20 

22  00 

4-0-15 

18  00 

— o-io 

U.  8.  COAST   AND   GEODETIC   SURVEY. 
High  and  low  tealer,  Boitolulu,  Hawaiian  iHlnuih  — Cuiitin 


fo-jo  I 


650 
I  -35  I     9  45 


4  40 
'7  30 

5  30 

18  30 

6  IS 
182s 

63"" 

19  30 


+  I-40  i 


It  40 


23  30 
13  IS 
23  55 
13  40 


■I-0-8S 
+070  I 


Lw 

».«,. 

Co- 

Kcriured 

"""'■' 

hcighl. 

7^7 

Fiel. 

-i.    m. 

Fetl. 

3  30 

+  '■35 

-075 

15  40 

— 02S 

20  4S 

-'■'5 

430 

fi-So 

n  30 

-^■80 

16  IS 

21  30 

-X 

4  30 

+  1-40 

■1  35 

.6  so 

-0-95 

5  fo 

+1-40 

12  30 

-0-85 

17  50 

23  00 

-0-8S 

5  50 

+1-30 

12  55 

— o-So 

..■1J°_ 

+0-25 

J3_3o 

-07S 

+  1-00 

.13  20 

-^^s" 

'9  30 

l-oso 



7  IS 

+oho 

030 

*-o'-3o 

20  30 

+060 

^ly^ 

—0-90 

7  50 

+0-35 

o-oo 

+0-6S 

M   10 

-08s 

9  30 

6  lo 

-0-05 

23  30 

+0-85 

IS  00 

—070 

9  00 

-:!' 

7  00 
15  30 
■&  30 

—010 

-075 

-0-45 

+100 

11  30 

-030 

16  20 

-075 

.H'2S 

84s 

-o-so 

>3  00 

-0-3S 

18^0 

^■85 

(  so 

l-l-M 

9  '5 

-070 

14  00 

2  IS 

-0-25 

+1IS 

19  20 

-070 

14  40 

-02s 

3  30 

+"■25 

10  40 

—0-90 

'S  4S 

^50 

-IIS 

J  5° 

+i'i6" 

-o-^" 

■  S  SO 

21  30 

..1-30 

1-1  w 

II  30 

~o.9S 

lO  40 

II  30 

4  45 

l-i-oo 

11  so 

^085 

17  30 
S  20 

fo-15 

II  15 

-■070 
-070 

:8  00 

(-0-30 

33  30 

-oso 

b  20 

1-0  ^s 

13  20 

-07s 

1 1900 

+0'40. 

6  00 

+0-S5 

-0-40 

19  45 

4-0-40 

'3  '5 

-080 

6  40 

-(-0-2O 

1  30 

-030 

20  so 

+0-JS 

14  00 

-070 

6  30 

2  30 

-020 

i-o-so 

1400 

-075 

8  so 

s  40 

23  00 

to-ss 

u  40 

-07s 

[  940 

[-0-30] 

6  40 

[     0-30] 

>3  3s: 

\-\°M. 

['5  353 

t-o-8oj 
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High  and  low  watery  HonolulUf  Hawaiian  lalanda— Continued. 


Date. 

High 

water. 

Low 

Cor- 
rected 
time. 

water. 

Reduced 
height. 

Feet. 

i 

Date. 

1 

1892. 

High 

\N  ater. 

Low  watei . 

Cor- 
rected 
time. 

//.    w. 

Reduced 
height. 

Feet. 

Cor- 
rected 

time. 

Reduced 
height. 

Cor- 
rected 
time. 

Reduced 
height. 

1892. 

//.    m. 

//.    ///. 

Feet. 

h.   m. 

Feet. 

Feb.  22     10  30 

-0-45 

[  805] 

— 0-50 

Mar.  1 8 

7  00 

— 0-20 

3  00 

— 0-40 

i 

1 

*  ^  ^  0  ^  — • 

16  30 

—  0-90 

1 

19  50 

-|-o-6o 

12  00 

— 0*70 

23       0  CX) 

+075 

9  30 

-075 

1          19 

7  25 

—0-40 

3  55 

—0-35 

13  30 

— o-6o 

18  10 

—0-85 

1 
i 

21    10 

-ho-65 

12  30 

o-8o 

24 

I    20 

+095 

9  45 

—0-85 

20 

9  50 

-0-55 

6  30 

—0-60 

'3  45 

—0-50 

18  30 

— 100 

1 
1 

22    15 

4-0-65 

13  10 

— 0-70 

2i 

2  30 

+  110 

10  30 

085 

'          21 

10    10 

-045 

7  00 

— 0-60 

14  40 

—0-30 

19  45 

—  1-00 

23    30 

-fo-75 

14  00 

—0-65 

26 

2  45 

4- 1 -20 

10  30 

—0*90 

22 

II    30 

—0-40 

8  00 

— 0-70 

27 

>5  30 
330" 

-015 
+  '•30 

20  45 
II  00 

—  i-oo 

23 

0   lo 

-[-0-90 

17  00 
8  40 

0-65 
— o-6o 

-0-85 

15  50 

o-oo 

21  30 

— 1-00  , 

12   00 

-0-20 

16  50 

— 0-70 

28 

4  30 

-hi -25 

II  20 

— 095 

24 

0  40 

4-I-I5 

8  00 

— 0-70 

16  30 

+0-I5 

22  00 

-0-95 

'3  40 

— 005 

18  25 

—0-65 

29 

4  45 

-\  0-90 

II  20 

— I-oo 

25 

I  30 

f  I  20 

8  30 

— 0-70 

17  30 

+040 

22  45 

-0-80 

14  15 

-f-o-20 

19  50 

—0-65 

Mar.  I 

5  10 

+065 

12  00 

—1-05 

26 

2  25 

4-1.25 

9  30 

—0-70 

18  20 

+055 

23  45 

-0-55 

15  00 

4-0-45 

20  20 

— 0-60 

2 

5  10 

+0-40 

12  00 

— I- 10  ' 

27 

2  40 

4-110 

9  45 

—0-75 

i  i«  45 

-fo-6o 
"+005 

I  00 

i 

28 

<5  30 
3  15 

-f-o-65 
-ho -90 

21   15 
10  i5~ 

— o-6o 

—0-75 

3 

5  40 

— 045 

20  45 

+0-65 

12  30 

—  1-05 

16  15 

-ho  80 

22  45 

—0-50 

4 

6  00 

-025 

3  30 

-0-35 

29 

3  50 

+0*50 

10  30 

—0-85 

21  00 

-f-o-6o 

13  00 

—  I-oo 

17  00 

-ho -90 

23  15 

—0-50 

5 

9  30 

—0-40 

7  00 

— 0-50 

30 

5  10 

4-0-40 

II  00 

—0-85 

22  50 

1-0-80 

14  00 

-085 

18  00 

-hi-io 

__—_-_ 

6 

10  30 

-0-50 

7  30 

-0-55 

31 

5  'S 

o-oo 

I  30 

— 0-40 

23  50 

-ho-85 

15  40 

—0-80 

19  00 

4-1. 10 

II  30 

— 0-90 

7 

7  30 

-075 

Apr.    1 

6  40 

--0-20 

3  >5 

— 0-40 

12  20 

— 0-50 

17  00 

—  0-65 

20  30 

4-1-05 

II  50 

— 0-90 

8 

0  50 

io-95 

830 

— o-75~! 

0 

A. 

'8"3o" 

-0-40 

4  30~ 

~— o-5S~ 

13  50 

— 0-40 

18  30 

— 0-90 

21   15 

fI-05 

13  10 

—0-70 

9 

'  45 

-|-o*90 

9  35 

0-80 

3 

9  50 

-0-45 

6  15 

— 0-60 

j   »4  00 

—O'lp 

19  15 

—0-90 

21  50 

4-0-95 

13  50 

-0-55 

10  I     2  20 

40-85 

9  40 

o-8o 

4 

"  45 

-0-40 

7  00 

-0-75 

1  14  50 

—0-15 

20  20 

—0-90  « 

23   15 

4-0-90 

'5  45 

—0-60 

II       3  10 

-f-0-90 

10  20 

—075 

5 

12  20 

—0-30 

7  30 

-0*70 

15  30 

--0-10 

21  00 

— 095 

'7  15 

'  -0-5S 

12      3  45 

-fo-70 

10  15 

— 0-90 

6 

0  15 

-ho-8o 

8  00 

— 070 

=  <5  45 

-0-05 

21   15 

-085  i 

1.3   10 

-0-20 

18  10 

-  -0-50 

13'     405 

f-o*6o 

10  30 

—0-90 

y- 

0  30 

4-0-65 

8  00" 

-0-75 

1  16  30 

J-0-20 

22  00 

— 070 

14  30 

fo-05 

19  00 

-0-5S 

14'     5  00 

fo-45 

10  50 

-075 

8 

I   20 

4-0-65 

8  30 

—070 

17  20 

f-o-25 

22  30 

—0-65 

14  30 

-ho -20 

20  00 

— o*6o 

15      5  30 

-}-0-20 

II   15 

-080 

9 

2  10 

4-0-65 

9  00 

-  -0*70 

;  18  10 

-^0-50 

23  50 

0-55 

15  00 

ho  40 

20  30 

— 0-4S 

16      5  50 

1  010 

II  20 

— o-8o 

10 

3  00 

4-0-55 

9  30 

—  o-6o 

18  00 

4-0-50 

15  >5 

fo-70 

21  30 

—0-50 

17  i    5  20 

O.O'J 

0  30 

—  0-40 

II 

3  30 

4-0-50 

22  15 

-0-75 

1  18  40 

1 

+055 

11  45 

o-8o 

16  00 

-ho75 

22  15 

—  0-50 

570 
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High  and  low  water,  Honolulu,  Hawaiian  Inlanda — Coiitiiiiied. 


Datt 


1892. 
Jan.    3 

4 

5 
6 

7 

9 
10 

II 

12 

13 

M 

15 
i() 

17 
18 

19 
20 

21 

22 

^3 
24 

25 
26 

27 


Ilif^h  water. 


Low  water. 


Cor- 

rctteil 

time. 


A.    M. 

6  30 

1845 

7  00 

20  00 

7  50 

21  30 

8  30 
23  20 

8  30 

o  20 

10  00 

o  30 


II 

I 

12 

2 

14 


20 

30 

'5 
10 

15 

2  55 
15  00 

3  45 

15  45 

4  10 


16 

4 

17 

5 
18 

6 


15 
40 

30 
30 
30 
>5 


18  25 

6  30 

19  30 

7  20 


20 

7 

23 
8 

23 
9 


30 

50 

15 
10 

15 

20 


0  20 

9  45 

1  10 

II  45 

1  30 

13  bo 

2  15 

13  40 
2  40 

15  00 


Rcdurcd 
height. 


Feci. 
-{-I  20 
--0-20 

-|-i-oo 
— o-io 

4-080 

-fo-io 

10-65 

t-0'6o 
+055 

t-ioo 

+030 

+  135 
1005 

f  I  -35 
-015 

i-  1-40 
—  0-30 

I  1-50 
-0-25 

I-  I   70 

f-o-io 

-i-i'6o 

I-015 

I  1-50 
o-oo 

4-1-30 

fo-o5 
I- 1  10 
I  025 

j  I  -lo 

{-0-20 

fo-85 
I  020 
f  070 
I  025 

f-0-20 

+055 

I  O-IO 

[0(15 

o-i$ 

{ 080 
--0-30 

I  0-90 

-0-45 
-f  I  10 

-0-40 

-\- 1  -20 

-035 


(*<>r- 

rected 

time. 


//.    m. 

13  50 
23  40 

14  00 

o  10 

15  10 

2    15 

15  50 

4  30 
16  00 

6  50 

16  30 

8  15 

17  20 

9  45 

18  40 

10  00 
18  40 

11  30 
20  00 


II 

00 

21 

10 

12 

00 

21 

40 

12 

45 

22 

10 

»3 

00 

23 

30 

13 

"5 

23 

55 

13  40 

0 

00 

14 

20 

I 

30 

15 

00 

4 

00 

14  50 

High  water. 


I.ow  water. 


6  00 

15  50 
()  40 

16  30 

8  00 

17  40 

9  15 
iS  10 


10 

00 

10 

00  ' 

0 

40 

10 

3<» 

Reduced 
hoifj^ht. 


I^cet, 
-I-OO 
-080 
— 0-90 

0-50 

080 

-015 

-075 
r-o-io 

-065 

o-oo 
—0-70 

-005 

-0*90 
-0-40 

-095 

0-65 

—I  05 

070 

I  05 

0*50 

o-8o 
-0-50 

080 

-0-70 

-0-80 

-0-70 

075 

-075 
-0-40 

-0-70 

030 

-o*6o 

o-oo 

0-65 

-  015 

075 
o-oo 

070 

0-25 
o-8o 

■0-35- 

-0-95 
0-55 

I  -00 

065 

I  05 

075 
1-05 


1: 


Date. 


Cor- 
rected 
time. 


1892.   //.  ///. 
Jan:  28   3  30 

15  40 

29  4  30 

16  15 

30  4  30 
16  50 

31  5  lo 

I        »7  50 
i  Fcl>.  I   5  50 

1830 

6  40 

19  30 

3  7  15 

20  30 

4  7  50 

22  00 

5  9  30 

23  30 

6  9  00 


S 


10 
II 
12 

13 
14 

15 

16 

17 

18 

19 
20 


7  I  o 
II 

I 

'  13 

I  . 
9   I 

14 
2 

14 

3 

15 

3 
15 

4 
16 

4 

17 

5 
18 

6 

10 
6 

10 
6 

20 
6 

21 
8 

^^ 
9 


I  [  c 
[2  = 


20 

30 
20 

00 

50 
00 

>5 

40 

30 
45 
50 
50 
20 
40 

45 
30 
20 

00 
20 
00 

oc^ 

45 
40 

50 
30 
20 

50 
00 


Retluced 
height. 


Feet. 

+ 1  -35 
— 0-25 

fi*5o 

— 0-20 
f  I  40 

-|-o-io 

f  140 

fo-io 

-hi -30 
+0'25_ 
-|-i  -oo 

1-0-50 

f-0-()0 

-{-o-6o 

-I-0-35 
f-o-65 

o-oo 

-i-o-85 

-0-15 


I 


-^-i-oo 
-0-30 

-f-1-25 

-035 

-I-I-20 
-0-25 

fii5 
— 0-25* 

-hi -25 

—0-20 

j-iio 

--0-20 

+  l'00 

-O-IO 

f  I'OO 

1-015 

I-0-90 

1-0-30 
10-65 
fo-40 

+0-55 

I-0-40 

-I-0-20 

+0-35 
o-oo 

:  0-50 

--  0'20 

to-55 
40]  [  -0-30] 

35]  [!  0-65] 


Cor- 
rected 
time. 


//. 

II 

20 

II 

21 

II 

22 

12 

23 
12 

23 

13 

O 

13 

2 

14 

6 

15 
7 

15 
8 

16 

[8 

9 

'9 

[C 
!C 
10 
50 

II 
21 
II 
21 
II 
22 
12 

23 
13 


ill. 

45 
30 
30 

35 
00 

30 
00 

55 
20 

30 
30 
00 
10  I 
10  : 


00 
30 
30 
30 
50 
10 

15 
30 
20 


15 

00 

7 

00 

15 

30 

8 

30 

16 

20 

8 

45 

18 

30 

9 

15 

19 

20 

10 

10 

20 

00 

10 

40 

20 

50 

0  10 

13  15 

I  30 

14  00 

2  30 

14  00 

5  40 

14  40 

0  40 

[IS  35] 

Reduced 
height. 


Feet. 

-075 
-115 

— 080 

-  1*30 
-o-8o 

-0-95 
-085 
-0-85 
-o-8o 
-0-75 

--6-85" 

-030 
— 0-90 
0-00 
-085 
—0-05 
—0-70 

rio 

>75 

-045 
-075 

-0*50 

-  -0-85 
-070 

— i-oo 

-  0-70 

-l-IO 

-0-90 

115 

-000 

-  1-30 

-  095 

-I-oo 

-0-85 

-0-70 

— 0-70 

-0*50 

-075 

-0-40 

-080 
-030 

-0-70 

-0'20 

-075 

-0-20 

—075 

[      0-30] 

[  -o-8o]| 
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High  and  low  water,  HonolulUj  Hawaiian  /«/ancf0— Coutinued. 


Date. 

High 

water. 

Low 

Cor- 
rected 
time. 

water. 

Reduced 
height. 

Feet. 

Date. 

1 

High 

water. 

Low 

waici . 

Cor- 
rected 

time. 

h.    m. 

Reduced 
height. 

Feet. 

Cor- 
rected 
time. 

Reduced 
height. 

Cor- 
rected 
time. 

Reduced 
height. 

1892. 

//.    m. 

'    1892. 

//.   m. 

Feet. 

h.   tn. 

Feet. 

Feb.  22  i    10  30 

-0-45 

[  805] 

— 050 

Mar.  18 

7  00 

— 0-20 

3  00 

— 0-40 

16  30 

—  0-90 

'9  50 

4-0-60 

12  00 

— 0-70 

23  1     0  00 

T075 

9  30 

—075 

19 

7  25 

—0*40 

3  55 

—0-35 

>3  30 

— o*6o 

18  10 

—0-85 

21     10 

-ho-65 

12  30 

— o-8o 

24 

I   20 

fo'95 

9  45 

-0-85 

20 

9  50 

-055 

6  30 

— o-6o 

13  45 

—0-50 

18  30 

—  i-oo 

22    15 

4-0-65 

13  10 

— 0-70 

2i  '      2   30 

-|-i-io 

10  30 

085 

!             21 

10    10 

-0-45 

7  00 

— o-6o 

14  40 

—0-30 

19  45 

-I  00 

23    30 

+075 

14  00 

—0-65 

26 

2  45 

-f-I-20 

10  30 

— 0*90 

22 

II    30 

— 0-40 

8  00 

—0-70 

27 

15  30 
3 '30 

—015 
+  1-30 

20  45 
II  00 

—I-oo 

23 

0    10 

17  00 
8  40 

—0-65 
— o-6o 

-085 

4-0-90 

15  50 

o-oo 

21    30 

—  I-oo 

12   00 

-0-20 

16  50 

—0-70 

28  1      4   30 

-hi -25 

II    20 

-095 

24 

0   40 

4-I-I5 

8  00 

— 0-70 

16  30 

-ho'15 

22   00 

— 095 

'3  40 

—0-05 

18  25 

—0-65 

29 

4  45 

-|  0-90 

II    20 

— I-oo 

25 

I  30 

"hi  20 

8  30 

—0-70 

17  30 

-ho  40 

22   45 

—0-80 

14  15 

4-0-20 

19  50 

—0-65 

Mar,  I 

5  'o 

-ho-65 

12   00 

—I  05 

26 

2    25 

4-1.25 

9  30 

—0-70 

18  20 

+055 

23  45 

-0-55 

15    00 

40-45 

20  20 

— 0-60 

2 

5  'o 

+040 

12  00 

—  I-IO    1 

27 

2   40 

4-110 

9  45 

—0-75 

18  45 

-ho-6o 



_  _  _  « 1 

<5  30 

_:t-°'^5 

21   15 

— o-6o 

3 

5  40 

hoos 

I  00 

—0-45 

28 

3  15 

4-0-90 

io~i5~ 

—075 

20  45 

+065 

12  30 

—  I  05 

16  15 

4-0-80 

22  45 

-0-50 

4 

6  00 

—0-25 

3  30 

-0-35 

29 

3  50 

4-0*50 

10  30 

0-85 

21  00 

-f-o-6o 

13  00 

—  I-oo 

17  00 

4-0-90 

23  15 

—0-50 

5 

9  30 

— 0-40 

7  00 

— 0-50 

30 

5  >o 

4-0-40 

II  00 

—0-85 

22  50 

hO'8o 

14  00 

0-85 

18  00 

4-1-10 

**•»**« 

6 

10  30 

— o-$o 

7  30 

-0-55 

3> 

5  'S 

0-00 

1  30 

— 0-40 

23  50 

-ho-85 

15  40 

o-8o 

19  00 

4-1.10 

II  30 

— 0-90 

7 

7  30 

-0-75 

Apr.    I 

6  40 

—  0-20 

3  »5 

— 0-40 

12  20 

— 0-50 

17  00 

-0-65 

20  30 

f  I  05 

II  50 

— o-go 

8 

0  50 

ho-9'5 

830 

—075  I 

2 

8  30 

—0-40 

4~30~ 

— 0-5S 

'3  50 

— 040 

18  30 

— 0-90  1 

21   15 

4-1-05 

13  10 

— 0-70 

9       I  45 

-ho-90 

9  35 

o-8o  1 

3 

9  50 

— 0-45 

6  15 

— 0-60 

'   14  00 

-o;30 

19  15 

—0-90 

21  50 

-fo-95 

13  50 

-0-55 

10      2  20 

4-0-85 

9  40 

0-80 

4 

II  45 

—0-40 

7  00 

-075 

;    U  50 

—0-15 

20  20 

—0-90 

23  >5 

4-0-90 

15  45 

—0-60 

II 

3  10 

-ho-90 

10  20 

-0-75 

5 

12  20 

—0-30 

7  30 

— 0-70 

'5  30 

— O'lO 

21  00 

— 095 

17  15 

-0-55 

12 

3  45 

4-070 

10  15 

— 0-90 

6 

0  15 

4-0 -80 

8  00 

—070 

15  45 

-0-05 

21   15 

--  0-85 

13  10 

-0-20 

18  10 

—0-50 

'3 

4  05 

-ho*6o 

"10  30 

—0-90 

7 

0  30 

-fo-65 

8  00 

—075" 

16  30 

hO-20 

22  00 

— 0-70 

H  30 

-ho-05 

19  00 

-0-55 

14 

5  00 

ho-45 

10  50 

— 075 

8 

I  20 

4-0-65 

8  30 

—0-70 

17  20 

fo-25 

22  30 

—0-65 

14  30 

4-0-20 

20  00 

— o-6o 

15 

5  30 

-hO-20 

II   15 

080 

9 

2  10 

-fo-65 

9  00 

-0-70 

18  10 

4-050 

23  5« 

-0-55 

15  00 

4-040 

20  30 

— 0-45 

16 

5  50 

-o-io 

II  20 

-0-80 

10 

3  00 

+0-55 

9  30 

—0-60 

18  00 

-(-0-50 

15  15 

4-070 

21  30 

—0-50 

17       5  20 

O.OJ 

0  30 

-  0-40 

II 

3  30 

+050 

22  15 

—075 

18  40 

-I-0-55 

1 

1 

II  45 

0-80 

16  00 

-f-075 

22  15 

—0-50 
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High  and  lotr  water^  liotiolulUf  HawatMU  Inlandn — Continued. 


Hiph 

C'or- 

retteil 

time. 

water. 

Reduced 
heiKhi. 

Low  water. 
/"''.      Rcduceil 

HiKh 

water. 

Reduced 
iieigl.t. 

I-ow  water. 

Date. 

Date. 

Cor- 

rcited 

time. 

Cor- 

rocte<l 

time. 

Reduced 
height. 

1892. 

//.   w. 

Feet. 

A.   fit. 

Feet. 

1892.      h.    m. 

Fett. 

A.   m. 

Feet. 

Apr.  1 2 

3  30 

-I-0-25 

9  35 

080 

May  7 

0  50 

40-65 

8  00 

—0-70 

16  25 

jo-8o 

23  10 

0-45 

14  20 

4-0-70 

20  20 

--0-25 

13 

4  15 

-f-0-20 

10  10 

075 

8i     I    15 

4-0-50 

8  IS 

-o*6o 

16  50 

fo-90 

14  30 

40-80 

20    40 

-030 

14 

4  30 

— 0-05 

0  40 

-0-50 

0      2  30 

1-0-40 

5^35 

—070 

17  25 

f-o*9o 

9  45 

0-85 

1   15  00 

4-i*oo 

21  45 

-0*40 

»5 

5  20 

-015 

'   '5 

045 

10       2  30 

-f-0-20 

8  40 

-085 

18  40 

-f  0-90 

10  20 

-0-85 

15  \o 

-hii5 

23  »5 

--0-45 

16 

6  00 

—0-40 

2  50 

0-50 

II       3  30 

-I-0-15 

8  50 

o-8o 

19  00 
6  30 

fo-85 
-045 

10  00 
3  30 

-085 
-0-55 

If)  10 
12      3  50 

1-1-25 
o-oo 

0  00 

-0-50 

<7 

20  00 

fo75 

II  00 

070 

16  30 

4-1-25 

9  20 

--0-85 

18 

7  00 

— 0-f)0 

4  30 

0-65 

13       4  45 

—0-15 

0  20 

— o*6o 

2!    40 

+080 

II    GO 

-0-65 

17  30 

+  1-25 

9  45 

—0-90 

19 

12   00 

—0-40 

6  30 

0-55 

14 

5  40 

-0-30 

I   10 

— o-6o 

22  00 

4-0-80 

14  30 

045 

1 

18  30 

-4- 1 -20 

10  20 

-0-85 

20 

13  00 

— 025 

7  00 

—0-60 

15 

6  00 

-030 

2  30 

--o*6o 

23    10 

fo-95 

16  00 

0-40 

18  50 

-fl-15 

10  35 

-07s 

21 

7  00 

-o-6o 

16 

7  00 

-0-30 

3  30 

— o-6o 

12    50 

— O'lO 

17   15 

-0-50 

19  45 

4  I  -oo 

II  15 

—  0-70 

22 

0    10 

fo-85 

7  30 

—0-70 

17" 

8  00 

—0-40 

3  30 

-0-70 

'3  45 

fo-25 

iS  00 

0-50 

20  45 

4-i*oo 

II  50 

-0-55 

23 

I  00 

-I-0-90 

8  00 

0-70 

iS 

10  45 

— 0-40 

5  00 

-07s 

<3  50 

fo-45 

19  40 

—0-50 

i 

21  40 

4085 

13  00 

-0-45 

24 

I  45 

10-85 

8  40 

090 

19 

12  05 

— 0-15 

5  45 

-0-80 

14  30 

-I-0-70 

20  45 

-055 

22  20 

4-0-75 

15  00 

-0-30 

25 

2  40 

fo-65 

8  50 

-095 

20 

12  45 

4-015 

6  00 

—080 

15  30 

f  1-15 

21   50 

-0-55 

23  10 

4-0-65 

17  30 

— 0*20 

26 

3  30 

-f-o-35 

9  00 

-0-95 

21 

13  CO 

+045 

6  40 

—0*90 

16  00 

+  1-35 

23  30 

— 050 

23  45 

fo-6o 

18  50 

—0-30 

27 

3  55 

-I-0-20 

9  45 

I  10 

22 

7"oo 

-o"95 

17  15 

4-1-40 



13  55 

+075 

20  15 

-035 

28 

5  00 

-o-io 

I  00 

—0-50  ! 

23 

0  40 

4-0-25 

7  00 

—  i-oo 

17  50 

4-1-45 

10  10 

-i-oo 

14  15 

-fi-15 

21  00 

—0-50 

29      5  45 

--0-20 

'   15 

— o-6o 

24      2  00 

4-0-I0 

8  00 

—  i-io 

IS  30 

f  140 

10  50 

-0-90 

,  14  50 

4-1-40 

22  25 

— o'6o 

30 

6  30 

-0-30 

2  30 

-0-65 

25  '     2  45 

-0-05 

8.30 

—  I'lO 

19  30 

\   I  30 

II  40 

-0-75 

15  30 

f-1-40 

[23  351 

[  -070] 

May    II     7  00 

-0-40 

3  30 

— O-fK) 

26  [  3  .rs] 

[-0-20] 

9  10 

— I '20 

20  00 

-l-IIO 

II  25 

-o-6o 

ifj  15 

1-1-50 

2 

10  00 

—0-45 

6"  30 

—  0-65" 

~  27"  ~4  30 

0-40 

0  45 

— 080 

21  40 

4- 1  00 

14  30 

-035 

1                  17  25 

+  1-50 

9  45 

—  I'lO 

3 

II   15 

—025 

6  15 

0-65 

28 

5  30 

-0-50 

I  45 

—0-85 

22  50 

}-i-o5 

14  30 

--  020 

i 

18  30 

fi'45 

10  30 

— 0*90 

4     «2  30 

-j-o-io 

7  00 

-070 

29 

7  00 

040 

2  30 

—0*70 

i  23  20 

40-85 

17  20 

—0-25 

19  y^ 

f  I-20 

If  10 

— 080 

5     

7  15 

-0-70  1 

30 

7  40 

--O-4O 

3  30 

-0-85 

^ 

»3  30 

"I-0-40 

20  00 

-0-30  ' 

20  00 

f  I-OO 

II  45 

— o-6o 

() 

0  IS 

4075 

7  30 

o-8o 

31 

9  20 

-0-30 

4  15 

~o-8o 

13  45 

4-0-50 

19  30 

025 

1 

21  00 

4-0-85 

12  30 

—0*50 
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Hiffh  and  low  tcaUr,  Honolulu,  Hawaiian  Islands — (/oiitinued. 


High 

Cor- 
rected 
time. 

water. 

Low 

Cor- 
rected 

time. 

//.    ni. 

water. 

Re<Iuced 
height. 

Feet. 

Date. 

High 

water.                 Low 

water. 

Date. 

Reduced 
hei};ht. 

Cor- 

recte<i 

time. 

Reduced 
height. 

Feet. 

Cor- 
rected 
time. 

//.    m. 

Reduced 
height. 

Feet. 

1892. 

Feet. 

1 

1892.      //.   tn. 

June  I 

II   30 

— 01 5 

5  00 

-075 

June  16  1   10  45 

-015 

3  50 

--0*90 

22   00 

1-070 

13  50 

-030 

1   22  00 

fO-So 

13  30 

-0-40 

2 

[12   05" 
[23    10' 

f-j-o-io] 

[4-0-55; 

5  25 

-080 

17'    II    15 

foo5 

4  30 

—  I'OO 

f— 0'25l 
[— oSo] 

22  00 

-fo-6o 

15  40 

—025 

3 

12   40 

4-0-40 

18     II   30 

+040 

5  00 

—  I-OO 

17  35 

— 0-20 

22  30 

+030 

17  40 

—0-25 

4 

0    20 

fo-40 

7  00 

080 

19      12   40 

4-080 

5  15 

—  IIO 

13   00 

+055 

18  40 

-035 

23    50 

f  0-05 

18  50 

-030 

5 

0   30 

I-015 

6  30 

— 0-90 

i             20 

6  00 

—  IIO 

13    30 

-f-070 

20  00 
7  00 

—0-40 
-I  05 

i                         13    20 
21'        030" 

-i-oo 
—0-15 

20  20 
0  40 

-050 
— ii6~ 

6 

J  '5 

o-oo 

14  00 

-f-o-8o 

21   15 

-0-45 

14   00 

f  130 

21  45 

050 

7 

I   10 

—005 

7  30 

— 095 

22         1     15 

—0-30 

7  30 

—  I  20 

14  30 

-rO'95 

22  00 

— 060 

14  40 

f  I  -45 

22  30 

-070 

8 

I  45 

— 030 

7  30 

-I  05   ; 

^Z         2    30 

-0-50 

8  00 

—  I -20 

15   10 

4-IIO 

22  50 

-055 

15    20 

4-1-50      2340 

— 0-70 

9 

2  30 

-0-35 

8  00 

-0-95 

24 

4  00 

-045        8  40 

—  1-25 

>5  30 

--I-20 

23  45 

— 060 

[16   lol 
[  4  40] 

r-ri-5ol    

[  -0-40]  [  0  15] 

10 

3  50 

— 040 

8  30 

—  i-oo 

25 

[-070] 

16  30 

-1-30 
—0-40 

0  20 

— obo 

1 

17  00 

+'•55  !    9  20 

—  IIO 

II;      4  40 

26      5  20 

-035 

0  45 

— 0-65 

'6  55 

-120 

9  15 

—  I  00 

i                17  45 

f-i-35 

10  00 

-I  00 

12      5  30 

—  0-50 

0  40 

-080 

27      6  00 

— 035 

I   10 

-0-65 

17  30 

-ff05 

9  30 

—  fOO 

18  30 

}-I*20 

II   15 

—0-85 

'3 

b  45 

— o-6o 

2  3^ 

-080 

1          28      6  45 

—0-25 

2  45 

— 0-70 

18  30 

j-iio 

10  30 

-0-95 

>9  30 

f-O'95 

"  35 

.-0-70 

14 

7  00 

-045 

2  30 

—075 

29      7  30 

—0-25 

3  00 

-o-8o 

19  00 

-hi -05 

10  50 

080 

30  [  ^  15] 

[  f-o-8ol    12  30 
[-o-2o][  3  45] 

-0-5S 

'5 

8  00 

— 035 

3  00 

-   0  75 

[    0-90] 

20  30 

-f-o-8o 

12  00 

— 060 

20  00 

-f  0"6o      12  40 

—0-30 
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The  means  bein«]^  tnkeii  for  intervals  of  five  days,  and  those  ineaim 
being  again  consolidateil  for  eiich  snci'essive  group  of  live,  we  liave  the 
following  table: 

Relative  heightn  of  mean  ttta  level  at  IfonolulUy  Hawaiian  InlandH^  from  June,  tStflj  to 

June,  ISfl?. 


Mean  sea 

Mean  sea   ' 
level 
(twentv-five 
days). 

1 

Mean  se;i 

Mean  sea 

level 

(twenty-five 

days). 

MeHn  date. 

level 
(five  days). 

Mean  tlate. 

Mean  date. 

1      level 
(five  da  vs) 

Mean  date. 

189I. 

Ftc'/. 

189I. 

Ft't'f. 

1      '    "    " 
189 1 -'92. 

hWt. 

lS()I-'92. 

J'l'i't. 

June  19 

— 0-22 

Dec.  26 

010 

24 

-     42 

3< 

1      03 

29 

-  -    -22 

June  29 

— o-2$ 

Jan.     5 

-    04 

July     4 

-      24 

10 

—     -Of 

9 

-  -16 

>5 

\     05 

Jan.    15 

004 

14 

•08 

20 

■|-   -02 

>9 

4-  -13 

25 

-  -     -22 

24 

-  -02 

July   24 

^     "3 

30 

--  -to 

29 

f-    07 

■ 

Feb.     4 

•00 

Aug.    3 

00 

9 

-       18 

Feb.     9 

-       11 

8 

•00 

14 

--      16 

13 

-{     07 

<9 

•12 

18 

■f-    -14 

Aug.  18 

-1    -19 

1               24 

•32 

23 

f    36 

1               29 

-      15 

. 

28 

-f    40 

Mar.    5 

•28 

Mar.    5 

-     24 

Sept.    2 

-1-    40 

10 

-    -26 

7 

f-    33 

15 

•19 

12 

-f    40 

Sept.  12 

•3? 

20 

-      27 

'7 

-1-  -34 

25 

•00 

22 

f-   -44 

30 

--     01 

Mar.  30 

—     If 

27 

}      36 

Apr.     4 

-  -    -20 

Oct.     2 

4     26 

9 

-     '05 

7 

-1-    28 

Oct.      7 

f   -25 

14 

-      12 

12 

-f-  -17 

1              '9 

-      20 

'7 

4     18 

1             24 

-      04 

Apr.  24 

09 

22 

-1-    -22 

1             29 

•08 

27 

-f-   -14 

1   ^^^y    4 

-       -02 

Nov.    I 

-f   -18 

Nov.     I 

■f    -^M 

9 

i       06 

6 

4      18 

1           '4 

•10 

II 

■f   -32 

'9 

-      11 

May  19 

•08 

16 

-1-  -13 

1             24 

-     06 

21 

-f   -14 

1             29 

-    -20 

26 

-|-    -22 

Nov.  26 

-  ■   -15    1 

1    June     3 

-  -    -09 

Dec.     I 

■i-    -12 

1                8 

-      19 

6 

4-  -12 

:          13 

-    -26 

June  13 

-     17 

II 

-f-    -20 

18 

-    -12 

16 

4     01 

1          23 

-    -20 

21 

4-    05 

Deo.  21 

■ '  •    '^*4 

1 

1 

1 

1 

^ 
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These  values  are  ]>lott<»d  in  the  accompaiiyiujj  illustration, 


1 

5>     CO 
-       <s> 

\ 

^ 

^ 

\ 

V 

\ 

\ 

/ 

/ 

i 

f 

00 
CD 

IN) 

/ 

/ 

i 

\ 

\ 

■ ' 

'< 

o 


o 

f 

_> 

s 

coc 

5» 

• 

s- 

^ 

? 

00 

<s 

n 

"% 

00 

^ 

fi 

_o 

N 

ooo 

H 

S^ 

(^ 

-^ 

^ 

z 
o 

s 

< 

* 

ft 

:5 

ft 

c*^ 

?i 

o 

o 

ff) 


Ol 


m 


<y> 


?9 


tn 


> 

-< 


4-2 


\ 


576  u.  s.  coast  and  geodetic  survey. 

Magnetic,  (Jravity,  and  Latitude  Observations   in  connec- 
tion WITH  THE  Expedition  to  the  Summit  of  Mauna  Kea, 

AND  AT   SOME   SUBSEQUENT   STATIONS. 

In  June,  1892,  the  latitude  determinations  were  discontinued  at  Wai- 
kiki,  and  Honolulu  was  occupied  for  magnetic  and  gravity  observations. 
The  magnetic  work  already  done  at  Waikiki  and  Kahuku  is,  fof  con- 
venience of  reference,  also  given  in  what  follows. 

DESCRIPTION  OF   MAGNETIC    INSTRUMENTS. 

The  theodolite  magnetometer  is  the  same  as  the  one  taken  to  Africa 
in  1889-'90.  It  is  designated  as  Ko.  11,  Unite<l  Stiites  Coast  and  Geo- 
detic Survey,  and  was  remodeled  and  improved  at  the  office  in  July, 
1887.  The  telescope  has  an  aperture  of  2^"'.  The  horizontal  and  verti- 
cal circles  are  each  10*^^'"  in  diameter.  The  graduation  is  from  left  to 
right,  and  angles  may  be  read  to  single  minutes  by  means  of  two  oppo- 
site verniers.    The  dimensions  of  the  magnets  are: 


tcm 


*N  Lu  length  =  7-l«'",  diameter  =  0-8«' 
N  JSn        '^        =5-8  '*  ={hS 

The  ring  used  in  determining  the  moment  of  mass  of  the  intensity 
magnet  (X  Ln)  had  the  following  dimensions  (('.  S.  Schott,  October  31, 
1889) : 

r  =  inner  radius  =    1-4749®'" 

ri  =  outer      ''       =    1-8900 

w  =  weight  =  19-48940  grams 

from  which 

J/„  =  i  (r^  -f  rr')  tc  =  5(J-0291 

at  l(P-7  i\  or  62'^-0  F. 
Moment  of  mass  at  temperature  /  =  My 

M,  =  ilf„  [1  -f  2  ^  (/  -  f„)J 

where  e  =  coefficient  of  expansion  for  1'='  O.  =  0-000019  and 

log  Ml  =  1-74841  +  0-(HK)01(>5  (t  -  lGo-7) 

The  value  of  1  division  of  scale  of  long  magnet  (N  Lu)  was  deter- 
mined live  times  during  the  season,  giving  a  mean  result  of  3'-G8.  This, 
combined  with  the  African- value,  3'-72,  gives  a  value  of  3''70,  which  is 
adopted  in  the  reduction  of  tlie  observations.  Increasing  scale  rea<i- 
ings  correspond  to  decreasing  circle  readings. 

The  moment  of  mass  of  the  long  magnet  (.V  Lu)  determined  at 
Washington  by  Mr.  Braid  is  95-748  t  0-094  (C.  G.  S.  units).  This  value, 
however, indudes  the  moment  of  the  small  balancing  ring  (K).  (Sec 
Appendix  No.  12,  Report  1890.)     Deducting   this   we  have  for  the 


JV  Lii  designator  new  long  magnet  of  No.  11. 
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moment  of  mass  to  be  used  in  the  work  of  1891-'02  a  value  of  1)4*303 
at  a  temperature  of  IG*^*?  0. 

log  M  at  temperature  t  =  1-97453  +  0-0(K)010G  (t  —  lGo-7) 

Temperature  coefficient  (q)  of  .Y  Ln  =  0-00108  for  1^  F.  and  0-00194 
for  lo  O. 

Induction  factor  (h)  in  C.  G.  S.  units  =  0-04^>7  J:  0-0006  (C.  S.  Schott, 
December  6,  1890). 

Induction  coefficient  //  (=  mh)  (C.  G.  S.  units)  =  0-54  ±  0-08at«2o  F. 

To  correct  oscillations  for  iiuluction 

to  log  jP  a4ld  log  (1  +  h  II) 
To  correct  deflections  for  induction 

to  log  *^  add  log  (   1  +  ?^  )  =  0-00020  for  r  =  30-54<^™ 

=  0-00000  for  r  =  45-78«^"» 
First  distribution  coefficient  of  ^  Xn  =  P  =  —  4  i  4  (0.  G.  S.  units). 

For  short  deflecting  distance  (r  =  30-54'"')  log  (  1— ^  )  =  0-00182 

*'    long  **  "         (r  =  45-78<^"')    ''        '•  =  0-00082 

Reduction  of  magnetic  moment  (m)  of  intensity  magnet  (If  Lu)  to 
160-7  O.  =  m  ,,^  7  =  wi  [1  -f  (^  -  10O.7)  ^  0-00194] 

log  ///  ,.i-7  _  lo^  m  -i-  modulus  X  000194  (/ —  i6°-7)  =  log  ;//  -|-  000084  (^ —  ^^°-7) 
8.  Ex.  li),  i»t.  2 37 


578 


U.  S.  COAST  AND  GEODETIC  SURVEY. 


VaJnes  of  magnotic  moment  (m)  at  Ifi^'7  C.  of  hug  magnet  {N  Ln),  ahawtng  loan  of 

magnet  turn, 

[Obw.rver:  K.  I).  Pn-nUm.] 


Mafirnetic 

1 

1 

Station. 

Dulc. 

mnmcnt  at    1 
le*-;  C. 

No.  of 
sets. 

(C.G.S.  units). 

Washington 

188973 

>43'3 

3 

Azores  Islands 

•83 

140-4 

2 

Cape  Verde  I>lan(ls 

•86 

140-7 

I 

Africa : 

Sierra  Leone 

•8S     ' 

»34-3 

t 

Gold  Coast 

-91 

128-9 

2 

Ix)anda 

-96  : 

129-4 

3 

Cabin 

•97 

»35o 

2 

Cape  Town 

1890-07 

1342 

5 

St.  Helena,  Jamestown 

•15 

>33-9 

^ 

•'         **         Ix)ng>vood 

•17 

«337 

3       ! 

A.scension  Island,  Georgetown 

,        -22 

133-8 

3 

**               **        Green  Mountain 

'33 

>33-7 

3 

Barbados 

33 

^333 

3 

Herniiida 

'39 

131 -9 

3 

Hawaiian  Islands,  Polynesia: 

Waikiki 

1891-62 

129-6 

3 

Kahuku 

•90 

128-8 

3 

Honolulu 

1892-42 

127-9 

3 

Kawaihae 

•50 

128-5 

3 

Waimea 

•52 

128-0 

I 

1 1 

•53 

128-8 

2 

Kalaieha 

•54 

128-3 

2 

Waiau 

•56 

123-6 

2 

Hilo 

•58 

127-1 

3 

NapooiKX) 

-64 

124-7 

3 

l^haina 

-65 

1250 

3 

Waimea  A 

•67 

125-0 

2 

»•       B 

-68 

1        1240 

3 

Xonopapa 

•70 

!      125-4 

I 
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Summary  ofthne  and  azimuth  renal tti  in  voHHtrtwn  icitk  mayuetiv  ohmrvnlioiiH. 


StatioiK 

Date. 

Epocli. 

(correction 
to  chro- 

A dopted 
daily 

I'osltion  of  mark. 

.Adoplctl  position 
of  mark. 

nometer.* 

rate.t 

^  *  •    ■  «  ■  ■•  •  ^*  • 

l89l-'92. 

A.  m. 

///.   S. 

0        / 

0        / 

Waikiki 

Aug.  lO 

8  23  p.  m. 

—  8  109 

II 

8  19 

-  8  276 

-17 

13 

8  12 

—    9      2-2 

• 

15 
15 

8  00  a.  m. 
5  30  P-  n^- 

N.    I   53  0  E.- 
N.    151-4  1'- 

N.     I  52  2  E. 

Kahitku 

Nov.  25 

9  00  a.  ni. 

S.  65     8-8  W. 

S.  65    7  -6  W. 

25 

3  00  p.  m. 

-    I  54 

-58 

S.  65     6*4  W. 

27 

9  30  a.  m. 

3  37 

Honolulu  J 

June  10 

9  00 

4-  0  37 

4-  2 

N.  55  200  K. 

N.  55  20-0  E. 

Kawniliae 

30 

July    3 

5  00  p.  m. 
5  00 

f    4  03 
+  3  33 

—  lo 

S.   25     27  E. 
S.  25     I  -8  K. 

S.  25    2-2  ]•'. 

Waimea 

9 

9  30  a.  m. 

-  0  26 

S.  81  402  E. 

9 

4  30  P-  n^- 

—  0  42 

-17 

S.  81  51-4  E. 

S.  81  50-3  E. 

II 

9  30  a.  m. 

—  0  65 

S.  81  58- s  E. 

Kalaielia 

14 

8  40 

}-  3  50 

N.63477W. 

15 

8  40 

4-  3  33 

—18 

N.  63  54-6  W. 

N.  6,5  483  W. 

15 

8  40  p.  m. 

-  3  25 

N.63  45-3  ^v. 

Waiau 

21 
21 

10  20  a.  m. 
4  30  p.  m. 

t-  3  54 
-1-  3  47 

—27 

N.  22     80  W. 
N.  22     32  W. 

N.  22    56  W. 

Hilo  ^ 

30 

31 

Aug.     I 

7  50  a.  m. 

9  40 
9  20 

f  18  28 
i  18  50 

f  17  46 

-[-20 

-56 

I 

N.  72  41  0  E. 
N.72  43  I  E. 
N.  72  497  K. 

N.  72  37 -6  E. 

I 

3  30  p.  m.      r  17  45 

« 

N.  72  308  E. 

Napoopoo 

'7 

4  30            i -  -  5  48 

18 

X.  78  187  W. 

19 

9  10  a.  m. 

6  18 

N.  78  146  W. 

N.  78  227  W. 

20 

2  45  p.  m. 

-  6  45 

— 22 

N.  78  28-8  W. 

Lahaina 

23 

9  30  a.  m. 

4-  0  10 

S.     0514  E. 

24 

9  00             [—  0  41] 

-24 

S.     I     53  1^- 

S.     1  00  4  E. 

25 

9  20 

-  0  38 

S.     I     4  5  1- 

Waimea  A 

Sept.    2 
3 

8  30 
8  20 

0  09 
—  0  09 

-IS 

S.  39  37 -2  W. 
S.  39  44 -2  W. 

S.  39  407  \V. 

Waimea  H 

5 

8  25 

—  I  02 

f    « 

S.  74  35  3  I'- 

6 

825 

I   16 

—  *4 
— 22 

S.  74  26  5  E. 

S.  74  33-8  1'- 

7 

8  10 

-   I  3« 

S.  74  39-6  E. 

Nonopapa 

• 

9 

8  50 

—  4  42 

18 

N.    4  13-6  W. 

N.    4  136  W. 

*  Bond  chrtmomcter  No.  177. 
t  +  =  losing :  —  =  gaininp. 

X  At  Honomlu  chronometer  Gowland,  ^aSo,  belonging  to  the  Government  Survey,  was  used, 
azimuth  was  also  furnished  by  Mr.  C.  J.  Lyons,  of  that  service. 
^  At  HUo  watch  No.  7583  was  used. 


The 


MAUNETIC   OBSERVATIONS   AT   WAIKIKI. 

These  observations  were  made  on  August  11, 12,  ami  13, 1891.  As  it 
was  necessary  to  continue  the  time,  latitude,  and  gravity  determinations 
throughout  the  year,  an  epoch  wjis  chosen  for  the  magnetic  work  which 
would  least  interfere  with  the  regular  observations.  Accordingly,  about 
the  middle  of  August,  just  before  changing  the  groups  of  stars  then 
being  observed  for  latitude,  the  magnetic  work  was  undertaken.  This 
implied  almost  continual  observation  and  computation  from  6.30  a.  in. 
to  11  p.  m.,  and  involved  the  determination  of  the  magnetic  declina- 
tion, dip,  and  horizontal  intensity,  with  three  sets  of  observations  for 
time  and  azimuth  with  the  theodolite  magnetometer,  besides  tlie  regu- 
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lar  work  with  the  peiiduhiiii  iippanitus,  the  zenith  teleseope,  and  the 
meridian  instrument  in  the  observatory.  This  was  accomplished  with- 
out any  assistiince  <'ither  by  a  recorder  or  aid.  Thc^  limit  of  satisftic- 
tory  work  was  probably  reac^hed  in  this  scrheme,  as  a  full  day's  magnetic 
work,  followed  by  five  hours'  night  observations,  about  exhausts  an 
ordinary  observer's  capacity  for  good  work.  The  station  was  sitnate<I 
near  the  jwstronomical  observatory  and  on  the  property  of  Mr.  J.  F. 
Brown.     The  skctcrh  on  i)age  581  gives  the  location. 

Ahntract  o/  nttHiin,  U'aikiki,  Hawaiian  JslandH. 

DIP. 


Date. 


N. 


Nrrdlc  No.  I, 


S. 


Mrai). 


N 


Nftvllr  N«».  i. 


S. 


M 


can. 


1891. 
Auj;.  1 1 
12 

13 


o           /              o           /  c           / 

40     oS  ;    J9     29  '    J9     4« 

14                -28  51 

20  I            28  54 


39  51 

40  02 

39  56 

40  10 

01 

40  o(> 

39  50 

06 

39  5«S 

DKCLINATIOX.  DIP.  AND  INTENSITY. 


Dull 


189I. 
Aug.      1 1 
12 

'3 


ScaK-  rfa<l- 
in^  (if  axis. 


2872 
2880 


Declination 
(cast). 


10     05-3 
04  9 

05 '3 


Mean  <1i]). 


39 


520 

58-5 
560 


liori/ontal 

nitcnsitv 

-     II. 


Dyut's. 
0-2979 
02971 
o-2c>92 


Magnetic 

moment  of 

ma^'iivi. 


1 29 -8 
I29-6 
129-4 


MA^INKTir   OBSKK'VATIONS    AT    KAHUKl',   OAHT. 

Taking  advantage  of  an  interval  ol"  one  week  in  November,  when  my 
colleagues  on  tlH»  international  latitude  Avork  was  necessarily  absent 
from  Waikiki,  a  set  of  magnetic  d(*terniinations  was  made  at  the 
extreme  north  end  ot'Oahn.  Accompanied  by  Prof  W.  1).  Alexander, 
I  left  Waikiki  on  the  morning  of  Nov(»niber  24,  taking  the  steam  cars 
from  noiu)lulu  to  P^wa  and  riding  from  Ewa  to  Kahuku,  a  distance 
of  30  miles.  We  arrived  at  Kahuku  late  iu  the  evening.  Observa- 
tions were  begun  early  next  morning  and  contiiuu^d  until  about  1.30 
j).  m.  on  the  .*i7th,  when  we  started  for  Honolulu  by  way  of  the  Pali. 
Stoi)ping  over  night  at  Kualoa,  Waikiki  was  reached  the  following 
afternoon  and  the  observatory  work  was  inuncdiately  resumed.  Le^s 
than  live  days'  absc^mie  were  necessary  for  three  full  days'  work  at  a 
station  40  miles  fr<im  home,  the  distance  being  made  both  ways  on 
horseback  over  a  difticult  road.  The  station  occupied  was  situated  in 
the  front  yard  of  the  Kahuku  ranch  cottage.    The  cottage  is  about 


REPORT   FOR   1893 — PART   11. 


581 


[The  diagrams  hereafter  f:iveu  an*  not  gcii**rall.V(1n(wii  t«»  scale,  beiii^  iiii}erte<l  Miniply  to  aid  in/eea- 
tabliahiiiK  the  poaitiuu  of  the  station  in  ca>«e  it  in  dt'xirublt)  to  reiKUit  the  ohMervatioiis  at  some  future 
time.  ] 


McLkiki,  RJidj^e 


MericUojv 


Mark, 


f      I 


Sk^tcK  of  Mcugivsitic  StoctiorL  ojb 

1i7uJuJdi,HcLw<iiio^  Ids. 
(not  drccivrt,  to  saxle) 


I 


^ 

I 


I 
I 


[] 
[] 


Astrorv.  Obsy  l4^ 

.1^ 


r---^^^ 


I 


/ 


/ 


•o 


b 


I     / 

'     r- 
'    / 
I    / 
I   / 
I  / 
I  / 

I '     / 
;/  ■%• 

Magrvetix:  Sta,.  (% l_ 


V 


s 


/ 


> 

/ 


■f 


^ 

*> 
•c 


>» 
0 


mrt 


i 
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tlire^-fifthfl  (»f  a  iiiilo  south  siud  alnnit  one-third  of  a  mile  weAt  of  the 
trigonometrical  station  on  the  extreme  north  point  of  the  island.     The 
astronomical  latitude  of  this  station  was  determine<l  in  1887. 
The  followinj^  sket^'Ji  ^ives  the  relative  ]M>sitions: 


SketcK  of  Kcchjukxu,  Afctgnjstic  StoULuorh 

PosUijoix.  oC  Triqonx>nL.  Stcu. 

lojl.  (GGodjcticK zr^2'is:z 

Lon^.       ,,    - 15T5S'5^:8 


Ma^rvetoTrieter 


FboLq^ole_ 


1€00  ft. 


f 

J 


n 


■jl' 


House 


AhHlroH  of 

;77»m//k.   A' 

nhnkii,  (hihu 

• 

1»I1\ 

Noi'dlr 

Xo.  1 

N 

i;i«illt' 

No.  a. 

1  >:itc. 

N 

• 

S 

1 

• 

Mran. 

N. 

1 

S 

i 

M 

can. 

1 

1S9I. 

.:■ 

/ 

n 

1 

/ 

0         / 

0         / 

1 

1 

0 

/ 

0 

1 
/ 

Xr»v.   2S 

42 

01 

41 

01 

41       31 

41      .H 

41 

20    1 

41 

27 

26 

4» 

34 

1 

"5    ' 

20 

26 

28 

27 

27 

41 

"7    , 

24 

12 

3S    ' 

25 
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Ahatravt  of  reHHltSf  Kahuku,  Oahu — C-ontiiiiied. 
DKCLIXATIOX,  DIP,  AND  INTENSITY. 


Date. 

Scale  read- 
ing of  axis. 

i8(>i. 
Nov.     25 
26 

27 

20*34 

Declination 
(cast). 

Mean  dip. 

0           / 

10      16-4 
130 

147 

0           / 
41      29-0 

235 

24  5 

Horizontal 
intensity. 


Dyitrs. 
0-2932 

31 

44 


Magnetic 

moment  of 

magnet. 


1293 
128-6 
1284 


OKSEllVATIONS   AT   HONOLULU. 

GrariUj — I >es(Tiptio7i  of  station. — The  receiver  was  inoiinted  on  the 
window  sill  of-tlio  second  story  south  room  of  the  Kapuaiwa  building, 
occupied  by  the  Crovcrnment  Survey.  Time  observations  were  made 
in  the  observatory  near  by,  and  the  clironometer  used  in  noting  the 
pendulum  coincidences  was  connect^  with  the  chronogi*aph  so  as  to 
be  used  for  the  s(  ar  observations  in  the  evening.  The  oscillations  were 
made  generally  in  the  daytime,  as  it  was  necjessary  for  me  to  devote 
the  evenings  to  either  time  observations  at  Honolulu  or  latitude  obser- 
vations at  Waikiki,  and,  indeed,  sometimes  to  both  on  the  same  night. 
The  gravity  determinations  heretofore  made  at  Honolulu  were  in  1883 
and  1887.  At  the  first-named  time  the  station  occui)ied  was  the  cellar 
of  the  Young  Men's  Christian  Association  building,  on  the  corner  of 
Hotel  and  Alakea  streets,  and  the  instrument  used  was  a  pendulum 
of  the  reversible  type  (No.  3),  measuring  1  yard  between  the  knives 
In  1887  the  Kapuaiwa  building  was  occupied,  and  the  pendulums  were 
hung  from  an  iron  bracket  embedded  in  the  wall  in  the  first  story  of  the 
building.  The  determinations  in  this  case  were  made  with  two  pen- 
dulums, of  which  one  was  (Xo.  3)  cited  above,  and  the  other  (No.  4)  of 
the  same  pattern,  but  having  a  distance  of  1  metre  between  the  knives. 
The  small  pendulums  employed  in  1891-'1>2  were  therefore  oscillated 
at  Honolulu  not  only  to  connect  the  long  series  of  observations  made  at 
Waikiki  with  a  permanent  station,  but  also  to  have  an  additional  check 
on  the  work  that  was  soon  to  follow  on  the  Island  of  Hawaii.  More- 
over, the  permanent  station  in  Honolulu  would  thus  be  connected  with 
our  continental  stations  by  means  of  a  new  form  of  instrument,  whtch 
would  materially  strengthen  the  result. 

The  following  are  the  pendulum  observations  and  reductions.  The 
mean  of  the  direct  and  reverse  results  are  combined  with  eiiual  weights, 
irrespective  of  the  number  of  individual  observations  in  each  position: 
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Pendulum  ohitervalions.  Uonoluhi,  Hawaiian  JnlandH, 
[ObHervers:  E.  D.  l»ivRtou,  W.  K.  Wall.] 


Pendu-  Posi- 


him. 


H, 


H, 


«.n 


tion. 

I) 
R 

R 


D 
R 


Swing. 


I 


1) 


I 

2 

3 

4 

5 
6 

7 

8 

9 
lo 

II 

12 

13 


Date, 


1892. 
June  2  J 

24 

24 

24 

24 

24 
24 

25 
25 
25 

25 
25 

25 
25 


No.  of 

coin- 

ridenre 

inter- 

val.s. 


10 

14 
12 

16 

12 

10 

10 

6 

4 
4 

6 
8 
6 
6 


Time  uf  ■     ^^*^'" 
ten  coin-    - 
cidcncein 
tcrvals.    ilnitial. 


2263  O 

22543 
2260-8 

2263-1 

2262-5 

2266-5 

2267-5 

2437  5 
2441  -2 

2438-8 

2614*2 
2613. 1 
261 7  5 
2615-8 


4-8 

49 
4-8 

47 

47 
4-8 
4-8 

50 
50 
5-0 

4-6 

4-8 

47 
4-8 


-arr. 

-  —^   . 

Tcin- 

Manom* 

Barom- 

Pres- 

Final. 

jiera- 
til  re. 

etcr. 

eter. 

sure  at 
oT.. 

mm. 

<>  C 

mm. 

WW. 

WW. 

3  4 

25-93 

73  4 

767-0 

030 

1*4 

28-52 

119-4 

766-2 

5«3 

3-5 

28-40 

214-6 

765-8 

497 

32 

28-25 

229-0 

765-5 

485 

3-5 

27-90 

22 1 -o 

765-3 

492 

3  9 

26-64 

200-0 

766-0 

5i4 

3  9 

26-34 

189-0 

766-4 

525 

4-2 

2860 

166-8 

766*0 

540 

4  4 

28-80  j  i6o-6 

765  •«> 

546 

4-2  1  2885 

161 -o 

7659 

545 

3-8  1  2628 

97  4 

7656 

608 

37  '  25  93 

88-2 

766-0 

617 

40  :  25  48 

820 

766-4 

624 

41     2522 

1 

65 -2 

766  4 

640 
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Jteduction  of  pendulum  ohnervationHy  Honolulu^  Hawaiian  Islands. 
[PeriodH  rwlncc^d  to  temiM>rainre,  15'^  C ;  i>r»'.H«are,  Wo™-  at  W"  <'. ;  arc  iiiliuit«ily  Hinall ;  miiIitouI  tiiiic] 


Peruxl  uncorrected. 


0-501  1072 

I"5 
1083 

107 1 

1074 

1055 
1050 


0-501  0277 
P262 
0272 


0-500  95S2 

9585 
95^>9 
9575 


(Corrections  (in  scvcntli  decimal  plucc). 
Arc.  iTeinpcraliirc.       Pressure. 


-59 

-31 

-61 

-55 

59 

—67 

-67 


75 

-7S 

75 


-62 
64 
67 
70 


■453 
-561 

-556 

549 
535 
483 
471 


564 
573 
575 


-467 

-453 
-434 
424 


—103 
-65 

-\-  2 
■{  12 
+  06 
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MAGNKTir   OBSERVATIONS  AT   HONOLULU. 

The  stilt  ion  was  located  in  the  ])ublic  yard  nc^ar  the  Government 
buihlin^.  The  nia^netoni<»t4»r  was  set  np  in  range  with  the  northeast 
side  of  the  Kapiiaiwa  building,  and  at  a  point  which  would  give  a  clear 
line  of  sight  pa^st  the  Government  buihling  to  the  trigonometric  station 
(Piiowaina)  on  Punch  Bowl  hill.  The  dip  circle  was  pliu*ed  under  the 
shade  of  the  banyan  tree,  a  few  ]>a<;es  distant.  Time  and  azimuth 
observations  Avere  not  ne(*essary  at  this  station,  as  the  standard  clock 
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Sketch.  oP HonobxJjJu  Stxxixx>ns 

P'osUiorv  oP  Maqrvstonheter 
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AstroTv.  Obsy. 
PenxtuJbujrv  ApparaJtms 


QcL 


¥:^  OS  i9..      I^iixxiyya^  Bldq^ 


of  the  Survey  ortic^  was  kept  rated  for  the  regular  time  service,  and 
the  direction  from  the  magnetic  station  to  the  trigonometric  ))oint  on 
Punch  Bowl  was  accurately  known  from  the  Government  triaugu- 
lation.  The  azimuth  of  the  line  magnetic  station  -  Punch  Bowl,  as 
furnished  by  Mr.  0.  .1.  Lyons,  in  charge  of  the  Survey  olhce,  is  north 
550  20'-0  east. 
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MAGNETIC   OBSERVATIONS. 

Abstract  of  rvBuUs,  Honoluln^  Jfawaiian  Inlands, 

DIP. 
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GRAVITY    OBSERVATIONS. 


H. 


Pendiilniii  periods 
(Sideroal  seconds) 


Bx  =  0-6010797 
B2  =  0-5009920 
/?3  =  0-5000320 


KAWAIHAE. 

Island  of  Hawaii, 

Leaving  Honolulu  i:i  the  afternoon  of  June  28,  on  board  the  KinnUy 
we  arrived  at  Kawaihae  on  the  evening  of  the  2t>tli.  The  party  con- 
sisted of  Prof.  W.  T).  Alexander,  surveyor-general;  Messrs.  W.  E.  Wall, 
W.  W.  Chamberlain,  Louis  Koch,  and  myself.  The  first  observations 
were  mode  on  the  30th.  The  work  at  this  station  consisted  of  gravity, 
latitude,  time,  and  magnetic  determinations.  The  station  was  situated 
on  the  property  of  the  Hon.  Samuel  Parker,  to  whom,  as  well  as  to  the 
general  superintendent,  Mr.  Paul  Jarrett,  our  thanks  are  due  for  many 
acts  of  kindness.  The  connection  between  the  astronomical  station 
and  the  triangulation  of  the  Government  survey  was  carefully  made. 
The  general  location  of  the  property  is  between  the  boat  landing  and 
the  Heiau  of  Kamehameha  1,  and  about  one-third  the  distance  from 
the  Heiau.  Illustration  No.  27  gives  the  relative  xwsiticms.  Hlustra- 
tion  No.  20  shows  the  triangulation  station  and  shore  line. 
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PoHition  of  latitude  Hiat ion  at  Katraihacj  Hairaii, 
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Location^  of  KcltvoUvous  StxxJtlonjs 

frUJi,  reOsncrvce  to  So.  Base 


A  s  LoLtttujcbe  pver^fM^T^udLicux,  telescope) 

B  ^Dip  Circle 

C  m  Ma.^n.etx>rncter 
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o        /  '/ 

Latitude    L  south  base  =  20    02     23-80 
dL  =+     00       1-28 


//  latitude  sta.=  20     02     25-08 


o         /  // 


Iiongitu<le    M  south  base   =  155     IT     36-33 
dM  =    -     00       0-70 


-  M'  latitude  sta.=  155     47     35-63 

At  this  station  are  the  remains  of  an  ancient  temple,  famous  in  early 
Hawaiian  history  as  the  scene  of  the  first  steps  by  which  all  the  islands 
were  consolidated  un<ler  one  government.  It  wns  here  that  Kameha- 
meha  betrayed  and  murdered  his  rivaf,  Keoua,  baked  his  body  in  an 
oveu  as  a  last  indignity,  and  finally  deposited  it  iu  the  temple  on  the 
altar  of  the  war  god.  He  was  henceforth  recognized  as  the  master  of 
Hawaii.  A  sketch  of  this  interesting  Heiau  from  actual  measurements 
has  been  furnished  by  Professor  Alexander  and  is  given  here  as  a  mat- 
ter of  curiosity.     [Illustration  No.  28.) 

A  remarkable  feature  of  it  is  that  although  the  early  Hawayans  had 
no  metal  tools,  and  are  to-day  poor  mathematical  reasoners,  their  tem- 
ples furnish  examples  of  quite  accurate  right  angles.  One  tested  with 
a  theodolite  at  Napoopoo  was  surprisingly  near  the  truth. 

Magnetic  observations  were  made  on  July  1,  2,  and  3.  The  pendu 
lums  were  swung  on  the  3d,  4th,  5tli,  and  6th,  and  time  and  latitude 
were  observed  during  the  entire  stay.  We  left  on  the  morning  of  the 
7th.  The  weather  w^as  generally  favorable  for  work  with  the  excep- 
tion of  one  or  two  occasions  when  we  had  sudden  gusts  of  wind  from 
the  mountains.*  At  this  i)oint  preparations  were  made  for  the  ascent 
of  Mauuii  Keji.  Packers  and  horses  were  engaged  and  the  services  of 
a  guide  secured.  The  connection  of  the  astronomical  station  with  the 
trigonometrical  survey  of  the  island  was  made  at  this  station  as  well  as 
at  Kalaieha  and  Waiau  by  Professor  Alexander.  Meteorological  obser- 
vations were  undertaken  here  in  conne(rtion  with  those  made  at  Hono- 
lulu and  Hilo,  to  be  used  subsecjuently  in  determining  the  height  of  the 
mountain.  The  pendulum  rec(»iver  was  mounted  on  a  larg(5  and  mas- 
sive cast-iron  wheel,  firmly  embedded  in  the  ground.  This  w*as  i>art  of 
the  machinery  of  an  old  mill  and  was  fortunately  found  near  the  spot 
where  it  was  desirable  to  use  it.  The  tent  was  erected  close  by  and 
the  flash  apparatus  was  set  up  inside  the  tent.  The  meridian  telescope 
was  also  erected  so  near  that  the  tent  fly  served  as  a  jirolection  during 
the  day,  and  at  night  was  released  and  thrown  back  while  the  star 
observations  were  in  progress.  The  following  are  the  results  of  the 
peu<lulum  observations : 


*  These  storms  are  called  mutnuku  in  the  native  language,  in  contradistinctiou  to  the 
storms  from  the  southeast,  which  receive  tlie  name  of  kona. 


U.  S.  COAST   AND    GEODETIC   HUKVEY. 

FeHdHlHiH  obtermlwHt,  Ettvaibar,  //oiraiiiiH  Iilandt. 

[Oluervrn:  E.  D.  PrriiUin,  W.  K.  \VmU.\ 
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Reduction  of  pendulum  obaervations,  Kawaihae,  Hawaiian  Jnland«. 
[Periodtt  reduced  to  teiupuraturo.  15^  C. ;  prvHsuro,  50U"""  »t  0-*  C. ;  an:  infinitely  Hinall;  sidereal  time.] 
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MAGNETIC  OBSERVATIONS. 

Ahnlruct  of  rcHHltH^  Katvaihnc,  Ilittvaii. 

DIP. 


liativ 


1892. 
July      I 


2 
3 


N. 


3S  32 
42 

37 


Ncfdic  No.  I, 


S. 


!     37  4<> 
I  48 

41 


Mean. 


38   CK) 
09 


N. 


j8  04 
>3 


Ni'cdic  No.  a. 


S. 


3«  15 
14 
16 


Mean. 

o       / 

38    10 
10 

14 


DKCLINATION,  DIP,  AND  INTKXSITY. 


Dute. 


Scale  read-  |     Decliimtion     < 
ing  of  sixis.  .  (east.i.         > 


Mean  dip. 


Horizontal        Magnetic 
intensity.  iiiouient. 


1892. 

i/. 

0         / 

0 

f 

Dyne. 

July     I 

2918 

9     187 

38 

o<>'5 

03001 

!     '294 

2     , 

2S-88 

20 -5 

1 

1 

12-5 

03025 

1     1282 

3     ' 

1 

■  - 

22s 

1 
1 

II  5 

0.3010 

1     1278 

1 

1 

(iRAVlTY    OBSERVATIONS. 
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DETERMINATIONS   OF    LATITIDE. 

Tlie  latitude  work  at  the.  three  stations  occupied  for  gravity  was  only  ot* 
secondary  importance.  Only  a  limite<l  number. of  pairs  were  selected 
for  observation,  and  at  Kalaieha  the  weather  was  so  unfavorable  that 
but  three  latitudes  Avere  obtained.  The  instrument  used  was  a  merid- 
ian telescope  of  31  inches  fo(!al  lenj^th,  2J  inches  aperture,  and  mag- 
nifying i>ower  of  77.  One  revolution  of  the  micrometer  gave  an  angular 
value  of  i\^"*^K  One  division  of  the  latitude  level  is  equal  to  !"•(><), 
and  that  of  the  striding  level  is  2"'21.  The  instrument  is  known  a« 
Meridian  Telescope  No.  2.  In  making  the  observations  only  one  bisec- 
tion wivs  made,  and  the  level  was  not  rea<l  mon^  than  once,  generally 
alter  the  measurement  witii  the  micrometer.  The  results  are  not  com- 
parable in  point  of  accuracy  with  those  uuide  at  Waiklki  with  the 
zenith  telescope,  partly  on  account  of  the  inferior  accuracy  of  the  in- 
strument, but  principally  because  the  pier  was  generally  constructed 
under  poor  conditions  of  stability.  At  Kawaihae  and  Kalaieha  only 
a  wooden  pier  was  available,  and  at  Waiau  the  great  diflficulty  of  trans- 
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portation  and  labor  made  it  necessary  to  c()nstru(?t  a  very  small  sub- 
structure. The  following;:  tables  give  the  mean  places  and  the  individual 
results  for  latitude:  e  is  the  probable  error  and  //  is  the  proper  motion : 

Mean  plaviH  of  latititde  stars. 


No.  of  star 

1 

1 

a'.S.C.nnrI 
G.  S.  cata- 

Mean  1  i 
ascensiDU  ( 

tjlit 

K.A.). 

Mc:ui 

(Ici  linaticm  i^t. 

*•« 

Proper  motion 

logue). 

1892.0. 

. 

1892-0. 

//.        M. 

s. 

« 

/            // 

// 

// 

6s 

0     43 

17 

16 

21       2670 

(J -08 

0-2I0 

73 

49 

01 

23 

02      3570 

-03 

■  -0-042 

78 

5> 

26 

22 

5^^    o3'^3 

■05 

-0054 

1247 

15     01 

50 

4S 

34     06 -o  I 

•03 

-0-023 

^i^S"" 

II 

12 

-  8 

59    02  94 

•02 

—0*030 

1257 

13 

48 

2 

10     27-21 

-02 

-0-524 

1267 

20 

24 

37 

45     21 -60 

■02 

007 1 

1284 

30 

06 

27 

04    4 1  -80 

•02 

-0-107 

1298 

36 

43 

13 

II     3895 

•08 

0029 

1302 

38 

12 

26 

38     16-52 

•02 

-0029 

1309 

43 

52 

18 

28     31-07 

•02 

-0-104 

i       i3'7 

46 

32 

21 

iS    09-86 

•07 

;  0005 

1322 

51 

28 

16 

00     51-59 

•02 

—  1-299 

1333 

57 

39 

23 

o(')     16-19 

•05 

-j-O-025 

'337 

16    03 

12 

17 

20     05  4 1 

•03 

0-023 

1342 

07 

55 

5 

17     51-29 

-10 

—0-005 

1346 

10 

38 

34 

07     5276 

-«>3 

— 0-128 

1361 

21 

34 

37 

38     2451 

-05 

-0-022 

1367 

25 

28 

2 

13     13-89 

-01 

—0-093 

1383 

35 

49 

12 

36     1763 

■07 

— 0'022 

1387 

37 

M 

27 

07     30-74 

•08 

—0062 

1390 

39 

53 

34 

14     1707 

•04 

-i  0-058 

1394 

42 

27 

5 

26     26-27 

•10 

—0-057 

1416 

59 

58 

0 

44     3671 

•04 

— o-oo6 

1424 

17     06 

03 

40 

54     44-69 

•05 

-f  0007 

1428 

09 

44 

14 

30     4927 

•01 

j-0-022 

!      1429 

10 

36 

24 

58     0044 

•04 

-0165 

1436 

»3 

33 

10 

58     5460 

•04 

-0-094 

1438 

H 

35 

28 

56     1013 

•07 

-0-0I2 

1449 

19 

57 

37 

14     44*45 

•03 

i  o-oio 

1451 

22 

09 

20 

10     24-11 

•04 

-j- 0-024 

1457 

25 

56 

2 

48      21    10 

•04 

-fooi4 

1462 

28 

49 

i<> 

20      06-58 

•06 

-0096 

1471 

n 

05 

24 

22       2788 

•04 

-  0004 

1474 

36 

18 

15 

14      01-65 

■50 

0-070 

»477 

38 

03 

24 

37     0743 

-03 

0-II8 

1489 

42 

26 

39 

21     47-92 

-04 

0000 

1499 

50 

49 

0 

41     1316 

■09 

0-021 

1522 

18    02 

08 

8 

13     1335 

■10 

fo-oi9 

1524 

02 

55 

3«     32     47  59 
Stouc'.H  Catiilo;;ii<*. 

-04 

4-0-057 

s. 

Ex.  19,  pt. 

2 38 

594 


U.  8.  COAST  AND  GEODETIC  SURVEY. 


lieanUs  of  latitndo  observaiiohHf  Kawaihae,  Hawaii. 


\n   of    '  ^°'  "^  Star  (U.S. 
.  \\1         C.  and  (i.S.  cata- 
logue). 


I>air. 


I 
2 

3 
4 
5 

0 

7 
S 

9 
lo 

ii 

12 


1243— 8313 
1257— 1267 

'309— 13'7 
1284 — 129S 

^333—1337 

1361  —  13^7 

1383-1387 

1390— 1394 
1436-1438 

1449— 1457 

1474— 1477 

1489^1499 


Number  of 
utiNorvations. 


LalUude. 


2 

3 
3 

3 

3 

2 

I 
I 
I 
I 
I 


20 


/        // 

02  07  '4 
05 -8 
057 

05 -2 

o6-i 
054 
05-8 
05  o 

077 
063 

04*0 
06 -3 


23 


20    02    05  "9 


(Total)        (Mean  latitude) 


Star  Ni>.  8313  ih  from  Stone's  Cai>c  Catalogue  of  12  441  star>. 


WAIMEA. 


I  Set'  illiirttration  No.'Jii.] 

On  Thursday,  July  7,  189L*,  Waiinea  was  reached.  At  tliis  station 
only  magnetic  observatioiKs  were  nuide.  One  station  was  at  the  west 
end  of  the  base  line  of  the  (iovernnient  survey  and  the  other  was  iden- 
tical with  the  station  occupied  in  1872  by  Mr.  ('.  J.  Lyons.  Additional 
horses  and  pa<jk  mules  were  engaged  here  for  tlic  ascent  of  MaunaKesi 
and  ])reliminary  arrangements  made  for  the  trip.  Throughout  our  stay 
the  work  was  nmch  facilitati»d  by  Mr.  W.  L.  Vredeuburg.  Our  camp 
was  (established  in  his  yar4l,  Tlie  party  was  also  recipient  of  other 
favors  at  his  hands.  Waiinea  is  situated  at  an  altitude  of  2 00()  feet 
above  the  sea  level,  with  a  moist  atmosphere.  Nearly  every  afternoon 
the  trade  winds  bring  in  rain,  so  that  the  observations  wereunide  with 
difliculty.  With  so  much  regularity  <loes  the  rain  appear  that  it 
becomes  to  some  extent  a  timepiece.  In  reply  to  the (piestion,  asked  by 
one  of  our  party,  as  to  when  school  was  dismissed  for  the  day,  the  answer 
was  that  the  school  closed  generally  a  quarter  of  an  hour  before  the 
rain  set  in.  The  climat<*  is  well  adapted  to  fruit,  and  the  grazing  land 
is  of  the  best  quality.  The  following  plants  were  noticed  in  one  of  the 
gardens :  Figs,  wild  tomatoes,  bananas,  coffee,  pineapples,  taro,  mangoes, 
caulitlower,  and  sugar  cane.  The  following  is  a  sketch  of  theraagnetic 
station  occupied  by  Mr.  Lyons  in  1S72;  the  other  one  is  at  the  west  end 
of  the  base  line  and  nee<ls  no  further  description: 
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Abatrofi  of  matjHei'w  reaultHf  H'aimeaf  Hawaii, 

DIP. 


Date. 


Needier  No.  i. 


Needle  No.  a. 


N. 


Mean. 


N. 


S. 


1892. 
July      8 


9 
II 


— 

• 

.  • 

0 

/ 

0   / 

0   / 

39 
38 

32 
38 
55 

Z^     IS 
04 

34 

38  54 
21 

44 

38    30   ,    38     25 
20    '  29 

iS    ,  28 


Mean. 


o       / 

38  28 
24 
23 


DECLINATION,  DIP.  AND  INTENSITY. 


I  I 

Date.        ,^.1??";J>"«      ^7""f.''""  Mean  dip 


of  axis. 


1892. 
July     8 

9 
II 


(east). 


o 

8 
9 


500 
030 
04-2 


J8 


41-0 

22*5 

zys 


Horizontal 
intensity. 


Dyne. 
0*2966 

78 
86 


Map:netic 
moment. 


128-0 
129-3 
128-4 


Note. — 0\\  July  8  the  magnetic  station  was  at  the  west  cml  of  the  l)ii>c  line  of  the  (lov- 
ernment  .survey.  On  July  9  and  1 1  the  .station  was  half  a  mile  distant  from  the  previous  one, 
at  a  jwint  occupieit  in  1872  by  Mr.  C.  J.  Lyons,  of  the  Survey  staff. 

KALAIEIIA. 

Lea\ing  Waiinea  at  7.25  a.  111.  on  July  12,  we  arrived  at  Kalaieha  at 
6  o'clock  in  tlio  evening,  having  passed  the  entire  day  in  the  Kiuldle. 
The  distance  is  about  30  miles.  The  road  is  not  steei>,  **^^  tlie  elevation 
to  be  overcome  betwci^n  the  two  places  is  only  1  (MM)  feet.  This  gives 
an  average  rise  of  1  in  40,  or  an  inclination  of  about  U^.  ()u  the  road 
specimens  of  lava  were  gathered  at  designated  points  in  order  to  form 
a  basis  for  estimating  the  average  density  of  the  ro<iks  of  the  island. 
The  route  taken,  aw  well  as  the  points  from  which  specimens  were 
obtained,  is  shown  in  illustration  No.  31.  Kalaieha  is  situated  on  the 
Humuula  ranch,  which  c(mtains  237  000  acres,  including  a  part  of 
Ilamakua.  The  tract  runs  down  to  the  sea  on  the  windward  side  and 
extends  from  the  summit  of  Manna  Loa  on  the  south  to  Mauna  Kea  on 
the  north.  At  its  widest  region  it  is  20  mile^  broad.  Its  h)ngest 
dimension  is  al)out  45  miles.  On  July  13  the  stations  were  located  and 
the  tents  and  instruments  i)ut  in  position,  and  on  the  following  day 
work  was  begun.  The  pendulum  receiver  wa«  mounted  on  a  large  rock 
about  100  feet  west  of  the  house  farthest  to  the  west,  and  the  latitude 
l>ier  was  within  2  or  3  feet  of  the  i>eudulum  in  a  southeast  direction. 
The  magnetic  station  was  200  feet  due  north  of  the  ])endulum.  A  gen- 
eral view  of  Kalaieha  is  shown  in  illustration  No.  32.  The  prominent 
peaks  along  the  path  to  the  summit  are  identified  by  rectangular  coor- 
dinates. 
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LOCATION  OF    PUOMlNEVr   I'KAKS    ()\   MATNA   KEA    (ELEVATION,  13,825 

KEET). 

The  inip>^rtant  points  on  this  nionntain  aie  to  be  found  iu  illnatratiou 
No.  32  at  the  inter8e<'tion  of  vt^-tical  and  horizontal  lines,  as  follows: 


VoTtic.il. 
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fi 
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Niiinu  of  peak. 


-   -I 
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2 

-  Waiau  r—  location   of  gravily   latitu«ic   and 

ma^^notic  station. 
:=  I*oliahu.* 

--  Kii  ka-hau-ula  -t  hij^hest  |K'ak ;  the  trig-jno- 
nietric  station  is  near  thiN  jxtint. 

—  Ke-ono  he-hcV'*.    trail  to   summit  passes    to 

right  orthi.N  hill. 
-  Ka  l.vpe  a  .Moa;   trail  |iasses  l>etween  this 

and  c — 2. 
:  Omahulua. 
Kole. 
=  Loaloa. 
=  }I<K>komo. 


*  *' Poliahu  in  a  {HK^tifxl  iiutih'.  I)i-iti<;  tliut  of  tht*  deini^iNldrKH  with  snow  niantlo  who  liMinUl 
Mauna  Kra.  Sit  Lf^b^i'iul  of  Laii-ikiiwai.  I  tlu*rfton>  pro]MiMu  to  attach  it  to  IIiih  naniele«A  peaL. 
The  rest  an<  Ihr  gi*nunit!  native  iiaiin'H."— (  W.  I>.  AIi^xandiT.  | 


Geodetic  jfonit ion  of  Kalaieha  iMtiUide  StatUm, 


A/onth^Six^e 


OfnuokA^ili 


i^ouVvBase 


(leodetic  Z  Oinaokoili  to  nortii  base 

Distance  from      "         '*     '*        *' 

a  a  u         u 


(b 


•  b 


lofT  (feet) 
\o^  (metres) 


=  4-(M)774<>3 
=  3-5817786 


(leodetir  L  Ouiaokoili  from  Aalunvela  = 


o 
11» 


d  L 


•  b 


//  north  base 


43 

=    —    00 
=    10    42 


if 
13-63 
38-  iO 
;^-23 


(ieodetie  M  Omaokoili  from  Aahuwela  =  155    27    5G-94 

d  M  =   —    02    04-08 

"         .1/' nor!  Ii  base  =155     25     52-26 


!^ 
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Geodetic  Z  Kalaielia,  north  biifte  to  latitude  station  =    28^    5(5'    00" 
Distance  '^         '     "        •*  "       =  202-5  fei^t 

(;eodeti<;  h  north  base  =  10       42      Xr'l  \ 

d  L  =-       00        l-TC 

Geodetic  latitude  of  latitude  stiitiou  =  10       12      'X\'\l 

Geodetic  .1/  fiovt\v  base  =  155     25     52-2G 

d  M  =  +      00      1-02 

Geodetic  longitude  of  latitude  station  =  155    25    53-28 

The  above  position  of  Omiiokoili  depends  on  the  correctness  of  a 
short  base  measured  near  Aahuwela  and  a  chain  of  six  triangles  care- 
fully measured.    The  error  probably  does  not  exceed  0"'20. 
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Pendulum  ohscrralionit.  h'ahnrha,  Fltnrai'mn  InUindn, 
|Obs.  rviTH:  K.  1).  Pn>K!«m.  W.  K.  Wnll.] 
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Reduction  of  ptndiihim  ohan'ralioNH^  Kalairha,  Ifawniirtii  hlaitdM, 
f  Periodrt  nMliirctl  t«»  tciM|u'ratiirt'.  l.T  (*. ;  prfiMiire.  5(K)*"  at  0^  (*. ;  Arc  hiiiiiitrly  Hiiiall :  Hiiicrt  mI  tinio.] 


('orrc»"lioi;s  lin  seventh  derimal  place). 

Period  uncorrci  teil. 

PtriotI  «orrcrle«l. 

Arc. 

Temperature.       Pressure.      , 

Rale. 

St'fom/i. 
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SifONt/s. 
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The  latitude  observations  at  this  station  were  made  with  great 
'  ditllculty.  iTurinj;  the  entire  stay  not  more  than  four  ])air8  couhl  be 
obtained.  The  evenings  were  always  either  foggy  (»r  rainy,  and  as  the 
teleseojie  was  monnte<l  in  the  open  air,  it  was  oft-en  necessary  to  lift  it 
from  the  Ys  and  take  it  inside  the  tent  to  be  dried.  The  latitude  was 
always  made  to  give  way  for  the  time  observations,  as  these  were 
nei'essary  for  the  success  of  the  gravity  work,  which  was  the  real  objec- 
tive point  of  the  trij). 

J!csnlt.s  ol'latHudfohHtntitioiiHal  halaivhti,  IltiH'aii. 
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AVAIAU. 

[Seo  illiiHtrutioii  No.  IW.] 

The  instruineiits  were  dismounted  at  Kalaieha  od  July  18  and  packed 
for  the  final  ascent.  The  distance  to  the  snnnnit,  in  an  air  line,  is  about 
7  miles,  and  the  difference  of  elevation  about  7  ()00  feet.  The  path,  how- 
ever, was  about  V2  miles  in  length,  and  W aiau  is  700  feet  below  the 
summit,  so  that  the  average  rate  of  rise  was  1  in  11,  or  an  angle  of  about 
5JO,  The  amount  of  material  to  be  transported  to  the  top  of  the  moun- 
tain was  very  great.  Besides  the  astronomical,  gravity,  and  magnetic 
instruments,  and  the  jnovisions  required  to  maintain  the  party  on  the 
summit  long  enough  to  comijlete  the  work,  it  was  necessary  to  carry 
fuel,  tents,  and  blankets,  and  enough  cement  to  build  a  pier  for  the 
meridian  telescope.  The  whole  outfit  was.  packed  on  11  nuiles,  and  tiie 
party  consisted  of  11  persons,  including  3  packers.  Everything  being 
in  readiness,  a  start  was  made  on  the  morning  of  July  19.  Before  get- 
ting well  under  way,  however,  a  fog  set  in.  Some  of  the  pack  animals 
became  difficult  to  manage,  and  soon  it  was  noticed  that  the  mule  carry- 
ing the  magnetic  instruments,  probably  the  most  delicjite  ones  of  the 
outfit,  was  missing.  A  halt  was  made  and  eight  of  the  party  started 
in  search,  but  as  the  fog  was  now  dense,  our  efforts  were  of  no  avail. 
After  a  couple  of  hours  of  delay  it  was  decided  to  abandon  the  journey 
for  the  day.  We  all  returned  to  Kalaieha,  the  animals  were  unx)acked, 
and  the  day  given  up  to  hunting  the  lost  instruments.  The  mule  was 
found  about  l\  ]>.  m.  at  tlie  foot  of  the  Omaokoili  hills,  some  3  miles 
distant. 

On  the  following  day  we  again  sel  out  at  7.40  a.  m.  At  11.40  a  stop 
was  nuide  for  lunch.  The  route  i)assed  between  Lepe  a  Moa  on  tlie  left 
and  Kole  on  the  right,  and  we  now  found  ourselves  at  an  altitude  of 
about  10  0(H)  feet.  Continuing  in  the  direction  of  Keonehehee,  and 
climbing  tiiis  cinder  cone  in  a  northeast  direction  (see  illustration  No. 
34),  we  arrived  at  the  iilateau  level  at  2  j).  m.  The  elevation  of  this 
point  is  11  000  feet.  The  mamame  trees  were  not  seen  above  10  000 
feet,  and  the  raillardia,  the  only  remaining  sign  of  vegetation,  disap- 
l)eared  at  11  500  feet.  From  this  i)oint  on,  the  path  was  over  an 
unbroken  landscape  of  lava.  Some  interesting  pyramids  of  stone, 
built  to  commemorate  Queen  Emma's  visit,  were  seen  on  the  edge  of 
the  plateau,  and  at  an  elevation  of  12  0(K)  feet  was  found  Keanakakoi, 
a  famous  quarry  opened  by  the  natives  many  centuries  ago  for  the 
manufacture  of  battle  axes.  At  an  elevation  of  nearly  13  (KM)  feet, 
near  Lilinoe,  a  burying  ground  was  found,  where  the  ancient  chiefs 
were  laid  to  rest  in  the  red  volcanic  sand.  Before  reaching  the  plateau 
the  animals  suffered  considerably  from  the  rarity  of  the  atmosphere. 
On  the  flank  of  Keonehehee  it  was  with  great  ditti<Milty  that  they  were 
driven — with  tongues  out  and  sinking  ankle  deep  in  the  soft  scoria 
at  every  step,  they  presented  a  ])itiable  i)icture  indeed  and  seemed 
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ntteil}'  regardless  of  the  drivers'  ur<;:i!ig,  whether  w ith  noise  or  whip. 
Although  heavily  hideii,  they  repeatedly  hiy  down,  profiting  by  even  a 
few  ininuteft,  when  unobserved,  to  snatch  a  few  moments'  rest.  Some 
were  unable  to  reach  the  destination  and  had  to  be  unloaded  three- 
quarters  of  a  mile  from  Waiau  and  turned  loose  to  descend  to  the  plains 
below.  Their  loads  were  repacked  on  stronger  mules,  which  were  sent 
back  from  the  summit.  The  endurance  of  these  mountain  animals  is 
icMuarkable.  On  the  leeward  side  of  the  island,  where  it  seldom  rains, 
it  is  a  common  occurrence  for  them  to  pass  eight  days  without  water, 
and  cases  are  on  record  where  two  weeks  have  elapsed  b(»tween  drink- 
ing times.  Our  camp  was  established  on  the  banks  of  the  lake  known 
as  Waiau.  [See  Frontispiece.]  This  is  a  body  (if  water  formed  by  the 
melting  snow  and  gathered  from- the  sides  of  an  extinct  crater.  It  is 
one  of  the  highest  bodies  of  water  in  the  world,  being  at  an  elevation 
of  over  13  (KM)  feet.  At  4  p.  ni.  the  baggage  was  all  at  the  station  and 
the  animals  were  sent  back  to  Kalaieha,  as  there  is  no  provender  w  ithiu 
many  miles  of  the  i)lace. 

The  boiling  point  of  wat^r  on  the  summit  (illustration  No.  35)  is  about 
18CO  F.  The  ranges  of  temperature  during  our  stay  were  from  13*^  F. 
at  night  to  108^  F.  in  the  daytime,  the  thermometer  having  the  same 
position  at  both  times.  The  barometer  stood  at  18%3()  inches  at  54"^  F. 
We  found  the  trade  winds  blowing  fit  tlie  summit,  although  the  anti- 
trades are  supposed  by  some  to  appear  much  below  14  0(M)  feet  eleva- 
tion. The  atmosphere  was  very  clear.  Many  stars  were  observ^ed 
before  sundown  with  a  small  telescope.  We  had,  of  course,  ice  every 
night  on  the  lake.  With  such  extreme  ranges  of  temperature  there 
was  much  dis(;omfort.  Sleeping  cots  were  not  taken,  as  it  was  entirely 
too  cold  at  night  to  li(^  oft*  the  ground.  It  was  found  necessary  to  make 
sleeping  bags  by  sewing  blankets  together.  Although  for  miles  in  every 
direction  around  Waiau  theie  is  an  unbroken  landscape  of  lava,  and 
apparently  nothing  to  support  life,  we  saw  spiders,  butterflies,  and  flies 
during  the  stay.  Around  the  shores  of  the  lake  the  following  plants 
were  found  growing,  although  the  lake  itself  is  several  thousand  feet 
above  the  last  limit  of  vegetation.  They  were  submitted  to  President 
D.  C.  (lilman,  of  t\w  Johns  Hopkins  University,  who  kindly  forwarded 
the  list,  as  follows : 

Gystopteris  fragilis  Beruh. 
Trisetum  glomeratum  Trin. 
Poa  annua  L.,  forma  vel  vaz. 
Deschampsia  australis  Nees. 

The  flrst  specimen  was  determined  by  ^fr.  John  Donnell  Smith,  and 
the  last  three  by  Dr.  Gi»orge  V' asey.  All  the  above  plants  were  found 
growing  near  the  same  locality,  at  an  elevation  of  about  13  IOC)  feet 
above  sea  level.     See  illustration  No.  35  for  summit  view. 
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The  Geodetic  Portion  of  Waiau^  Latitude  Station. 


II 


Latitude  of  Manna  Kea  (primary  trian^ulation)     19    50    01 '(^J  N. 
Longitude  '*        "        "  ''  »  155    20     18-75  W. 

Geodetic    Z    Mauna  Kea  to  "Peak  A"  =  69^^  20'  00" 

Distance  from      '*  "     **        "       "     log  (feet)       =3050;U10 

"  "         "         "    *'        *'      ''    log  (metres)  =3-U037;^3 

Geodetic  d  L  from  Mauna  Kea  to  ''Peak  A"=  — 15"-785 

«*  L'  of  ''Peak  A''  =  19^^  49'  45"-845 

Geodetic  d  M  from  Mauna  Kea  to  "  Peak  A"  =  +44"'45C 

'^         M'  of  "  Peak  A''  =  155o  27'  03"-200 

Geodetic    Z   "  Peak  A"  to  Waiau  latitude  station  =  :^7^'  18'  45"-00 
Distiince  from       "      "    "        '*  "  "      log  (feet)       =3-583900 

"  "  "       '^    '<        ''  "  "      log  (metres)  =  3-007932 

Geodetic  d  L'  from  "  Peak  A^'  to  Waiau  latitude  station  =  -35"-0d7 

"        latitude  of  Waiau  latitude  station  =  19^  49'  10"-758 

GeodeticfZilf  from  "Peak  A"  to  Waiau  latitude  station  =  — 15"-500 

"        longitude  ot  Waiau  latitude  station  =  155^  20'  47"-70C 

Position  of  latitude  station  probably  correct  within  3  feet. 

All  the  above  Irmgitudes  arc  (conventional  and  sliould  be  corrected 
by  adding  2'  to  tliem.  The  latitudes  are  derived  from  the  uniin  trian- 
gulation.  The  above  computation  was  supplied  by  the  Government 
Survey  Oflftce  in  Honolulu. 
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Pendulum  ohaervationSj  JVaiaUy  Hawaiian  lalantU, 
[Obaervors:  E.  D.  Preston,  W.  E.  Wall.] 


No.  of 

Time  of 

Semi-arc. 

Pres- 
sure at 
«^C. 

Pendu- 
lum. 

Posi- 
tion. 

Swing. 

Date. 

coin- 
cidence 

ten  coinci- 
dence 

Temper- 
ature. 

Barom- 
eter. 

1892. 

intervals. 

intervals. 

Initial. 
mm. 

Final. 
mm. 

«C 

Seconds. 

^wfWWm 

W/mW* 

B| 

D 

I 

July  22 

22 

19927 

5-0 

3-5 

10-09 

4770 

459 

R 

2 

22 

22 

2020 '9 

50 

3*4 

7-57 

477-2 

464 

R 

3 

23 

26 

20494 

50 

31 

3  95 

477-3 

470 

D 

4 

23 

20 

2011-5 

50 

37 

7-57 

477-8 

464 

D 

5 

23 

22 

'9777 

50 

3  5 

1 1 -20 

478-1 

458 

R 

6 

23 

20 

19552 

5-0 

3-5 

I3-9I 

4781 

454 

B» 

D 

7 

23 

24 

2087-1 

5-0 

31 

1577 

4780 

45' 

R 

8 

23 

24 

2078-1 

50 

3*2 

1685 

477-8 

449 

R 

9 

23 

16 

2071-6 

50 

37 

17-09 

477-6 

449 

D 

10 

23 

20 

2065-0 

5-0 

[3-5] 

1685 

477 '5 

449 

D 

II 

23 

18 

2092-2 

50 

3-6 

1407 

477*2 

453 

R 

12 

23 

24 

2126-9 

50 

3-2 

11-45 

477*2 

457 

B3 

1) 

«3 

24 

18 

2221*1 

4  9 

3-5 

'37« 

4787 

456 

R 

14 

24 

16 

22388 

4-0 

3" 

1210 

478-9 

458 

R 

15 

25 

20 

2359*5 

4-6 

2-9 

330 

4785 

472 

D 

16 

25 

16 

23381 

4-5 

30 

470 

478-6 

470 

D 

17 

25 

18 

23094 

4-6 

31 

7-02 

478-9 

466 

R 

18 

25 

42 

2272-1 

4-5 

1-9 

10-15 

479-0  1 

461 
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ReduoHon  of  pendulum  observations,  JFaiau,  Hawaiian  Islands. 
[Periods  rodaced  to  tomperaturo,  15°  C;  pressure,  ftOO»"  at  0<^  C;  aro  infinitely  small;  sidereal  tiuit).] 


Corrections  (in  seventh  decimal  place). 

i 

Period  uncorrected. 

....      —   — 



- 

Period  corrected. 

Arc. 

Temjierature. 

Pressure. 

Rate. 

1 

Sfcoftds. 

Seconds. 

0501  2578 

-63 

+204 

4-32 

+  309 

0-501  3060 

2401 

— 62 

4-308 

-f28 

+  309 

2984 

2228 

-57 

f459 

1-23 

+  309 

2962 

2460 

-67 

4-308 

-f-28 

f-309 

3038 

2674 

-63 

ti58 

\-z:i 

4-309 

3"! 

2820 

-63 

4045 

f36 

4309 

3<47 

3050 

oqoi  2008 

—57 

32 

-h39 

4-309 

0-501  2267 

2058 

-59 

-  77 

4-40 

''.  309 

271 

2097 

-67             -  87 

4-40 

-i-309 

292       ! 

2136 

-63 

—  77 

+40 

r309 

345    : 

1976 

-65 

-f  39 

4-37 

f-260 

247 

1781 

-59 

4147 

4-34 

-f-260 

163 

264 

0-501  1281 

-62              -1    54 

f-35 

t-260 

0-501  1568 

1 191 

—44              -f- '  20 

133 

-f26o 

560 

0618 

49                t  486 

-f22 

4-260 

337 

0715 

-49               f427 

+  23 

4-260 

376 

0849 

-52                f-331 

-1-27 

+260 

415 

1027 

—34                 -1-20I 

1 

4-31 

4-260 

485 

457 
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Abstract  of  mmjnetiv  results  at  }Vaiau^  summit  of  Manna  Kca^  Havolu 

DIP.  .  •   -  — —    •  •   - 


Date. 


Needle  No.  i. 


N. 


1892. 

0        / 

July    21 

38     60 

22 

57 

23 

54 

s 

• 

0 

/ 

38 

09 

13 

17. 

Mean. 


N 


Neecllc  N»).  2. 

S.  Mean. 


38      34         38     42         38      14 


35 
36 


24 
41 


/ 

0 

/ 

14 

38 

28 

Z^   i 

3" 

42 

42 

DKCLINATION,  DIP,   AND  INTKNSITV. 


Dale. 

I         

1892. 
July  21 
22 

23 
24 


Scale  reading' 
of  axis. 


30  02 
29*24 


Declination 
(east). 


o  / 

10      210 

10      24-4      j 


Mean  dip. 


o  / 

38     3»'0 

390 


Horizontal        Magnetic 
int  nsity.    I     moment. 


Dvne. 

0-2950 
02950 


123-5 
123-6 


ABSTBA(rr   OF   CiRAVITV    RKSULTS. 

[  Sidereal  he<'ondM. ) 
.V. 

reiidulum  Ji,  =  ()-r>0130r>0 
Vn  =  0-5011'2G4 
B3  =  0-5011457 

The  latitude  of  the  station  was  determined  by  fifty-two  measures  on 
sixteen  i)air8  of  stars,  as  follows: 

lAititvffr  of  iVaiau. 


N«».  of  pair. 

1 
1 

No.  of  star'U.S.  ('. 
and  G.  S.  catalo^^uc). 

Number  of 
observations. 

latitude. 
0         /         // 

1 

1257— 1267 

2 

19     48      517 

2 

1298— 1302 

3 

51  0 

3 

I309-I317 

3 

54-6 

4 

I322-I333 

3 

508 

5 

»  342— 1346 

4 

51*2 

6 

I361— 1367 

3 

523 

7 

1 383 -1 387 

4 

53*3 

8 

1390 -1394 

4 

524 

9 

I416— 1424 

4 

540 

ID 

1428 — 1429 

4 

522 

II 

1436—1438 

4 

525 

12 

145 1  — 1462 

4 

521 

13 

1471  — 1474 

3 

504 

14 

I47I  — 1477 

2 

50-6 

15 

1489— 1499 

3 

530 

16 

1522— 1524 

1 

2 

49  4 

52 

19    48    52*0 

1 

1 

(Total) 

(Mean) 
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The  geodetic  positions  of  the  three  stations  on  ITawaii,  as  conimnni- 
cated  by  Professor  Alexander,  are  given  in  the  thiiil  column  following: 

LatituilvH. 


■tatioiis. 


Kawaihae 

Kalaicha 

Wai.TU 


Astronomical      ' 
latituilc. 

Gcojlftic 
lalitiidc. 

Astronomical 
minus  jieudctic. 

1 

1 
o        /         // 

0       /        // 

1 

20    02     05  9     I 

19   42   02 -6 
19   4S   52-0 

20    02     25- 1 
19    42     324 
19    49    IO-8 

—  19-2 
-298 

i8-8 

The  above  table  shows  that  there  is  a  <lertection  of  the  ])lunib  line 
toward  the  north  at  all  three  stations,  and  the  deliection  at  Kalaieha 
appears  to  be  nuich  more  marked  than  at  eitlier  of  the  other  stations. 
By  reference  to  ilUistration  No.  31  it  will  be  seen  that  we  should  expect 
a  greater  deflection  at  Kalaieha  than  at  either  of  the  other  two.  The 
deHectiou  at  Ka  Lae,  the  extreme  scmthern  ])oint  of  the  island,  appears 
to  be  about  1'  21)".  This  result  is  from  work  done  by  myself  at  this 
point  in  1887  with  zenith  telescope  No.  1,  and  a  subseijuent  triangula- 
tion  by  Mr.  J.  S.  Kmerson,  of  the  Hawaiian  (lovernment  Survey, 
previous  to  18tH. 

FROM   WAIAU   TO   IIILO. 

The  last  observations  were  made  at  Waiau  on  the  evening  of  »luly 
25.  The  next  morning  the  animals  arrived  from  Kalaieha.  They  were 
l)acked  during  the  forenoon  of  the  2()th,  and  at  1.30  ]).  m.  we  started 
down.  We  reachcul  the  Ilumuula  ranch  (Kalaieha)  at  5.45  j).  m.,  hav- 
ing stopped  an  hcmr  at  Keanakakoi.  On  the  27th  the  instruments  and 
baggage  were  all  repacked.  The  jiarty  separated  at  this  place,  some 
going  down  the  windward  side  of  the  mountain  to  llilo,  and  the  others 
returning  to  the  sea  over  the  saim*  route  taken  in  the  ascent.  This 
course  was  nece^ssary  because  magnetics  observations  were  to  be  car- 
ried on  at  llilo,  and  as  it  was  imi)ossible  to  transport  the  baggage  to  the 
steamer  on  this  side  of  the  island,  it  was  sent  to  Waimea  and  then  to 
Kawaihae.  We  left  Kalaieha  at  (5  a.  m.  on  July  28th  with  a  small  pack 
train  and  a  guide.  The  path  is  about  «>()  miles  long,  very  rough,  and 
much  of  the  way  over  sharp  lava.  We  were  supplied  with  horseshoe- 
ing imidements.  This  is  a  requisite  to  everyone  making  the  trip. 
The  lava  is  so  hard  and  sharj)  that  if  a  shoe  is  lost  the  horse's  foot  is 
badly  cut  in  a  few  minutes,  and  neither  persuasion  nor  force  will  induce 
him  to  continue  the  route  unshod.  Many  carcasses  were  seen  along 
the  road,  of  aninmls  that  had  been  killed  or  left  to  die,  as  there  is 
nothing  by  the  wayside  to  support  life.  »lust  before  arriving  at  Hih)  we 
passed  through  IJ  miles  of  swampy  woods,  which  consumed  two  hours 
in  crossing.  Hilo  was  reached  at  7.30  in  the  evening,  after  having 
spent  thirteen  hours  in  the  saddle. 

The  photographic  ])lates  exposed  on  the  mountain  were  developed 
the  next  day,  and  on  Saturday,  the  30th,  magnetic  observations  were 
begun. 
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HILO. 

The  station  occupied  was  on  ( 'ocoanut  Island,  (ilmnt  a  mile  and  a 
half  from  the  court-house.  Tliis  station  was  chosen  because  magnetic 
work  had  been  done  here  by  other  observers.  The  following  is  a  sket<;h 
of  the  island,  showing  the  location  of  the  magnetic  station  and  its 
position  with  reference  to  the  house  near  by. 

Ski'tvlt  of  Mokuola  (Cocoa nut  Island.) 


t 
^ 


Ahntrmit  of  niuf/neliv  ohmrrationH  at  Ililo,  Hmrnii. 

DIP. 


Dale. 


N. 


Nei-'»l!tr  No.  I. 


S. 


Mean. 


N. 


Ne«<l'e  N<  .  a. 


S. 


Mean. 


I.S92. 

0        / 

0       / 

July  30 

39     43 

39     03 

31 

39 

04 

Aug.   1 

5« 

12 

39     03        39     2:^        39     14    I    39     23 


>  > 


3» 


20 

25 


/ 

0 

/ 

23 
32 

39 

18 
26 

<5 

20 

DKCLINATION.   DIP.  AND  IXTKNSITY. 


Dale. 


fS92. 

J"Jy  3" 

3« 
Aug.      I 


of  axis. 


29-00 
28  76 


Dct  lination 
(cast). 

1      Mean  liip. 

lloii^ontal 
intensity. 

Magnetic 
moment. 

0           / 

0 

f 

Dyne. 

8     261 

25  -3 
18-9 

1 

20-5 
24-0 

25-5 

o'3o64 
•3064 

•3057 

127-0 

1 27  5 
126*8 

194 
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Ill  December,  1878,  Mr,  0.  .1.  Lyons  I'ouiul  au  easterly  declination  o 
7°  40'  at  this  same  station.  A  comparison  Avitli  the  above  would  givi 
au  annual  increase  of  east  declination  of  three  minutes. 


Jj 


NAPOOPOO,  HAWAII. 

On  August  10  I  left  Honolulu  for  Kealakeakua  Bay,  where  Captaii 
Cook  had  his  observatory  in  1779.  Arriving  on  the  17tb,  the  observe 
tions  were  begun  the  following  day.  AVitli  the  aid  of  a  map  and  verbii 
instructions  at  the  (Toverument  Survey  Ottice,  in  Honolulu,  I  was  a])l 
to  find  the  spot  occupied  by  the  great  navigator,  and  the  magneti 
instruments  were  placed  ]>ractically  in  the  same  locality.  (See  illustia 
tions  36  and  37.) 

The  following  sketeh  (which  is  only  approximately  drawn  to  scale 
shows  the  situation  with  reierence  to  the  lleiau: 


r 


\ 


I 


c 


B 


Am  Attar  six  ft.  fix tfft ,yyiOv p't  in,  centre 

H  s  Inner  court .  IVa.UL  yijc  f}..  A/^/t 

<!*  E  Pciy^rnenl,  oT tine  sti»nctt 

U^  fuvc  stunev,  one  ft.  Lotver  thxtn,  C 


ritoft . 

"3 


so  a. 


Tf>  Mark 


70fl. 


MoMfnje  tont/c  tcr 


Dip  Circle 


The  following  readings  were  made  at  the  magnetometer  station: 


Cook's  monument  4  12 

Ileiaii  (tn  Kalacmamo  Point  353  06 

Pole  on  Kamehameha  I  [ciau  15  32 

S.  Ex.  19,  pt  2 39 
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AbHtvart  of  mutfiictic  reHuUs  at  XapoopoOf  Hawaii. 

DIP. 


Nceillc  No.  1. 

Nec«Mc  No,  2. 

Date. 

- 

—     _ 

-    - 

N. 

s. 

Mt-an. 

> 

S. 

Mean. 

lS.)2. 

0         / 

0       / 

0         / 

» 

/ 

0        /      1 

0        / 

\xi)r.     1 8 

»9 
20 

37     5<> 
37     46 
3«    0^ 

37     22 

36  57    : 

37  10 

37     39 

22 

39 

37 

44 
22 

54 

37     34    1 

46    1 

30 

37      39 
34 
4-* 

PKCLIXATION.  DIP,  AND  INTKNSITV. 


Dale.        'S'-'lcrea-linB       Dcd.nati.m     I       ^,ea„  dip. 
1       III  axis.  (c:ist).  * 


Horizontal  1     Mnp^iU'tic 
intcnsitv.    '     inoincnt. 


1S92. 
Auj;.   18 

19 
20 

21 


28-30 


28 -^S 


<) 


o«r2 
10  9 
057 
00 -6 


37 


390 
280 
405 


Dyne. 

0-3035 
0*3027 

0-3011 


1240 
1247 

125-3 


LAIIAINA,  MAUL 


Leaving  [Napoopoo  at  3  j).  in.,  on  Aiij^ust  22,  wo  arrived  at  Lahaina 
at  7  a.  Ml.  the  i'ullowin<(  inoniin^.  Observations  were  made  on  the  23d, 
24tli,  and  25tli.  The  station  chosen  was  in  the  eourt-house  yard,  ais 
shown  in  the  Iblhjwin^  sketch  (ap[)ro\innitely): 


J  —  PoHititii)  <iriiiagiu'<toincter. 
li  =  Dip  rirrle. 
V  —  Vhiii  p«»le. 
A'  7/  Ft:.-  Court-hoiitwv 

/>  --  Latitude  pior  and  iinivity  Htiition.  1883. 

]\i-atHnr,H  at  A.  Diuta r cc  from  A . 

K    -     K)  01'  (mark) 

/•        19  00 n'J  f«ot 

//      :n  20 

r  .=  3(5  53 IJW    " 

1*  -  128  42 

Ji       313  20 3j     " 

An;;lo  at  /)  iM'twoeii  A  ami  ('^        '■i.^'  •!'»' 
^zimiifliof  lino  V  I)  =  33(5    IS 

iij>tajico  V  D  -  448. J  Ici-t. 
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This  latitmle  was  detiTUiiiMMl  in  188.'^  by  observarioiis  on  sixteen  pairs 
of  stars,  witb  an  average  of  live  observations  on  each  i)air.  The  result 
is  inserted  here  in  order  that  the  list  of  Hawaiian  latitudes  may  be  com- 
plete*. As  no  special  report  was  made  on  the  single  latitude  determined 
on  Maui  in  1883,  it  has  never  yet  been  i)ublisbed.     The  result  is 

The  following  are  tin*  results  from  tlie  separate  i)airs: 


No.  of 

1     >  •  I  ft 

1 

'  Niniibcr  (»!' 

pair. 

l.iitiiuiu-. 

objicrvutions 

1 

0            / 

// 

I 

20      52 

22-69 

A 

2 

1 

2413 

3 

22  82 

i 

4 

23-31 

5 

2472 

1                       ^ 

6 

23  34 

7 

2357 

8 

2239 

1 

9 

2111 

1 

lO 

2 1  09 

11 

22  84 

12 

2225 

>3 

22  40 

I 

«4 

22-43 

6 

IS 

22;?.^ 

7 

i6 

2273 

Ahslrart  of  inatjnetic  retfults  at  Lahaiita,  Maui. 

DIP. 


Ncfdk" 

N<».  I. 

Dat 

r. 

_ 

N 

• 

S 

M« 

.■MM. 

X 

• 

189 

2. 

0 

/ 

1 
0 

/ 

0 

/ 

0 

/ 

Auj;. 

23 

39 

43 

3« 

24 

39 

t>4 

39 

24 

24 

48 

1 

49 

18 

32 

25 

50 

5« 

20 

28 

Needle  No.  2. 

S.  Mean. 


I 


39     22 
36    i 
30 


39     23 

34 
29 


DECLINATION.  DIP,  AND  INTEN.'^ITV. 


Date  Scale  rcadinp 

of  axis. 


1S92. 

Alljr.    23 

24 
25 


28  42 


Dctlinatio!) 


o  / 

9  081 
099 
08 -8 


Mean  dip. 


39     13-5 
26  o 

245 


Horizontal 
intensitv. 


Dyne. 
0*2990 
o-2o8o 
o-29<»6 


Maj^netic 
moment. 


124-9 

125-4 
124-8 
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IT.  S.  COAST    AND    C.EODETIC    SURVEY. 


WAIMKA    ^•A,      AT    KAl  AI. 

Ketiirih..jj:  to  Honolulu  on  the  UTtli  of  Auf^aist,  preparation r  were 
made  for  the  occupation  of  two  stations  on  (he  Ishind  of  Kauai.  The 
steamer  h>ft  on  the  3()th,  anil  I  arrived  at  AN'ainiea  on  the  following 
day.  The  instruments  were  n(»t  lande<l  until  September  1.  On  the  2d 
observations  were  l)e«::un.  Tiu^  first  station  was  ma<l(».  near  the  old 
Transit  of  Venus  station,  occupied  by  the  Kn^rlish  i)arty  in  1874,  and 
reoccupied  by  myself  in  1SS7  while  determining  astronomical  latitudes 
for  the  Hawaiian  ( lov<'rinnent.  Tin*  following  sket<;h  explaiua  distances 
and  bearings: 


of  Ste^p 

cure 


.1        Ma^iiutic  .•* 

tat  mil 

K       Tninsit  of 

Vc-miH  i»iir. 

//    -  Lutitmle  station 

18X7. 

M       AI:irk. 

run    .Stom«wan 

of  t»Tract!. 

//    .  Arrow  nit 

in  roc 

k  (HHid  tu 

livt  )>y  Captain  Cook) 

li  S  I>  E.     Dr.  CaiuplM-irs  h 

•msr. 

Jii:Al{IN<JS    AX1>    1)1  STANCES. 

CireUt  madinfin  nt  A  . 

DUta 

iieeM/roin 

O              ' 

IWt. 

M    .     0    uo 

.... 

K    -    42    2:1 

7«'2 

/;       140    40 

:i5-5 

D       17m    40 

iai5 

/-;     z:  211       25 

1310 

//:-    250      14 

i(«:i 

r .  - 

:m)-5 

KL  - 

11-8 

li  r     

lC-4 

Tilt*  mark  ia  the  8oiitli«*rn  spin;  of  <-liiir<-h,  :ib«iut  onr-fourth  niilo  mmtUwust  of  magnetic  station. 
Magn(*tic  bcuring  of  mark  1m  xonth  ;{U '  wi'st. 
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Abstract  of  mugnetic  results  at  JVaimeaf  "^/*  Kauai. 

JUP. 


Date. 


Needle  No.  i. 


N. 


1892. 
Sept.  2 

3 


o       / 

40  48 
S6 


!   s. 

Mean. 

X. 

S.    1 

0  / 

0  / 

0   / 

0  / 

39  35 
48 

40  12 
22 

40  13 
28 

40  25 
29 

Needle  No.  a. 

Mean. 

o      / 

40   19 
28 


DECLINATION,  DIP,  AND  INTENSITY. 


i^"''-  ^a^'^  ''t:si!"" ;  ^'"""'p 


Horizdiital  I     Majifnetic 
intensity.  moAient. 


1892. 

Sej^t.  2 

3 


2858 


10  03 -8 

03 -2 


40  15  5 
25  o 


Dyne. 
0JS86 

79 


125-2 
124-9 


WAIMEA   *'«." 


As  it  was  feared  that  local  attraction  might  have  influenced  the  work 
at  the  preceding  station,  a  second  station  was  made  at  Thomycroft. 
This  station  was  designated  as  Waimea  "  n,"  and  is  situated  nearer 
the  sea,  on  a  level  piece  of  land,  with  no  rocks  in  the  immediate  neigh- 
borhood. It  is  on  what  is  known  as  the  Ivowell  property  and  is  about 
onecightli  of  a  mile  west  of  the  house.  The  station  is  1  015  feet  nortli 
and  2  828  feet  west  of  the  Transit  of  Venus  ])ier.  This  is  taken  from  a 
large  scale  map  made  by  Mr.  William  Eowell,  and  is  correct  within 
a  few  feet.    The  following  sketch  shows  the  relative  positions: 


A  =  McLgrustic  SiaJtioti, 
B  =  EnxL.  oPBcL^e 
C  =  TcnxxjdL  HouLSis 
EFO  =  Wire  JFervce 

Distajxces 

AH:,J^ft. 

AB  ^eS7^ 
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Almtract  of  Miuinetic  ivxh/Zh  at  Waimta  ''*Il,"  Kanai. 

Dir. 


Date. 


X 


Xccil'if  N'm.  I. 


Mean. 


Nfe«llc  No.  2. 

S.  Moan 


_     I 


lSr,2. 
Sei»t.  5 
6 

7 


40  AS 
44 


y.)  54 

55 
(.4 


40  20 
24 


40  24 


3'' 


c        / 

40  I() 

34 
20 


I 


40  20 

28 
2S 


DKCr,! NATION.    DII',  AND  IXTrNSITY. 


Date. 


Sept.  5 
() 

7 


>(;iiLTciuliiii:'     Declii;iiti«»n 


Ol    AX'l'y. 


I 


o 

9 


(cast). 

/ 

42-0 

49'- 
47-0 


Meat!  liip. 


o 
40 


f 
20  o 

22-0 

26  O 


.   Ilori/diiiiil 
I     inlcnsitv. 


Dyne. 
<>'-'934 

O-2033    - 
0-2926 


Majnictic    I 
moment,     j 


124-0 
1240 
1240 


XONOPAFA,  MIIIAr. 

It  was  ori^xinally  intended  to  close  the  season's  work  witn  ine  stations 
on  Kauai,  but  as  it  was  neeessai  v  to  wait  several  days  for  the  return 
steamer,  the  time  was  utilized  by  jxoin^  to  Niihau  and  getting  a  lew 
observations  on  this  island.  It  is  the  most  western  one  of  the  Hawaiian 
group,  and  is  rarely  visited.  Our  magnetic  observations  are  undoubt- 
edly the  only  onc^s  ever  made  on  the  island,  and  it  was  fortunate  that 
the  occasion  jn'esented  itself  for  even  one  day's  work.  The  conditions, 
however,  were  n(»t  very  favorable.  During  the  entire  stay  the  wind 
blew  violently,  wliicli  prechnled  the  jjossibility  of  determining  the  axis 
of  the  magnet  and  made  all  the  observations  <»xtremely  dillicult.  The 
stiation  occui)ie<l  was  \\Ty{)  feet  <listant  from  the  large  crane  at  the  hind- 
ing.  The  direction  from  the  craneto  the  magnetic  station  was  south 
I80  east. 
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Abstract  of  magnetic  rr.Hnlts  at  SonopapOf  Xiihau. 

DIP. 


Date. 


1892. 
Sept.  9 


X. 

o         / 
41      01 


N'eetllf  Ni».  i. 
'  S.  I       Mean. 


o         / 
40      08 


o         / 
40     34 


N. 
o         / 

40    35 


Needle  N«».  2. 
S. 


o         / 

40    5' 


Mean, 
o        / 

40    43 


DKCLINATION',  1>1P.  AND  INTKNSITY. 


Date. 


1892. 
Sept.  9 


Scale  reading;;     Declination 
of  axis.       I  (east). 


Mc.in  dip. 


o  / 

10     014 


40     385 


<   llori/ontal 
intensity 


02928 


Muf^netlc 
moment. 


125-4 


MOUNT    HAMILTON,   LICK   OBSEKVATORY,   CALIFORNIA. 

Leaving  Honolulu  at  noon  on  September  14,  wo  arrived  at  San  Fran- 
cisco at  1  p.  m  on  the  21st.  Passing  tlie  instruments  through  the  cus- 
tom-house and  repairing  the  air  chamber  of  the  pendulum  apparatus 
consumed  several  days,  and  on  the  26tli  I  left  for  the  Lick  Observatory 
in  order  to  connect  this  station  with  the  work  done  outside  of  the 
United  States.  Moreover,  this  station  luul  been  occupied  several  times 
for  the  determination  of  the  force  of  gravity,  both  with  the  long  and 
short  pendulums,  and  it  was  desirable  to  check  this  work  as  well  as 
to  swing  the  pendulums  used  in  the  Hawaiian  Islands  under  excep- 
tionally fsxvorable  conditions  as  regards  temperature  and  clock  corrw- 
tions.  Observations  were  mswle  on  Sei)tember  28,  29,  and  30.  The 
work  was  much  facilitated  by  the  kindness  of  the  dire<».tor,  Professor 
Holden,  a  se])arate  time  correction  being  made  by  Mr.  Campbell  for 
our  use. 


U.  S.  COAST   AKD    QEODK'l'IO    SURVEY. 

T'rHffu/tini  obterratioHi,  JUouMt  HantilliM,  Cati/ornia. 

[OliKOn-cr:  K.  1).  rrctlun.] 


Pen. 

.lu- 

Swir 

yiair. 

lum. 

,!U„. 

B, 

D 

Mepl,  j8 

n 

2» 

T) 

3 

2i 

R 

4 

R 

5 

28 

R 

6 

z» 

D 

7 

iS 

11, 

II 

S 
9 

J9 
29 

K 

29 

R 

JC) 

1) 

29 

D 

ij 

29 

B, 

D 

'4 

3f> 

n 

"S 

30 

R 

■  6 

30 

K 

17 

3" 

D 

i» 

30 

U 

'9 

30 

S.:<mJs. 

_ 

'C. 

a843'3 

[T^];  3-8 

ib'is 

j83<'-3 

5-4  1   17 

.6.5 

2S3S5 

5-4  1    i7 

1620 

^«3i-* 

S'2  ;    S-6 

16-40 

a8j6i 

4-S   1    I-' 

.660 

2823-j 

4-y  !  4-4 

16-75 

2813-6 

i7 

16-65 

3'8S-^ 

41 

>-8 

14-62 

3<fq-4 

3'0  1  14-67  ■ 

j:Sf6 

27 

14-72 

3170-6 

50 

2  1. 

14-77 

J. 67 -2 

30 

'477 

3175-0 

5-0 

30 

14*47 

35'>9-4 

4'fi 

24 

1256 

35«'-2 

S' 

2-S 

l£06 

34790 

2-5 

12 -Hi 

J47<i-4 

3493  ■•» 

I'K     .3'06. 

349i'S 

so 

2-7 

'"^ 

M.„™- 

Huum- 

■io*C. 

\»m^ 

inm. 

mm 

119 

6531 

S<M-9 

109 

6539 

5'3i 

123 

654-3 

500-2 

114 

6S4-0 

498-6 

127 

6535 

494-9 

139 

653-0 

482-8 

loS 

6S2-(> 

SI17 

134 

653-6 

49" -9 

129 

654-0 

497 -O 

'32 

6538 

493-8 

>37 

653-0 

488-2 

130 

6525 

494-4 

IJ3 

6525 

491 -o 

130 

656-0 

501-9 

136 

656-6 

496-S 

129 

6570 

S03-3 

'JO 

6S7-4 

502-6 

128 

6S7-6 

504-4 

■32 

657-8 

SO"  r 
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BeduciUm  of  pendulum  obnervatwn8.  Mount  Hamilton^  Califomia. 
[PoricMlH  ro4luce<l  tu  tem|i**nitun>,  15^  (.'.;  proHMun;,  500**  at  O^C;  arc  infinitely  small;  niilereal  time.] 


Periofl  uncorrecteil. 

(""orrcclions  (in  scv 

1 

enth  decimal  p 

are). 

Period  corrected. 

1                         ,                            , 

Arc.           Temi>erature.        Pressure, 

Rale. 

SftonJs. 

; 

Seconds. 

05008808 

I          -71          ■          -    48                      -    2 

4-247 

8829 

56                    --    48                    —10 

}-247 

0500  8962 

8823 

—  56                           50         j                   0 

247 

964 

8846 

-52   i   -  58   :    t  I 

1-247 

984 

8830 

-37       .       _  66       I        +4 

247 

978 

8870 

76               -    73                f^i4 

+247 

982 

8869 

5 1              -      68 

1 

—  9 

-f247 

988 

976 

0-500  7861 

-29 

-f-      I6            :               +6 

+  246 

0500  8100 

7900 

-57 

■1-   M       1        -f  2 

4-246 

105 

7870 

-51      ■      -^-  12      :       4-5 

246 

082 

7875 

-49       1        i     "o              +9 

+246 

091 

7906 

5«              1     'o                }    4 

-f-246 

IIO 

7886 

-56             +22 

f   6 

1246 

104 

I 

1 

096 

05007134 

42         '          1   lOI                   I 

+  266 

0500  7458 

7153 

49             +97                \    i 

4-266 

470 

7196 

-48 

i    9'       1        -    3 

266 

502 

7202 

-49              +  89 

—  2 

j-266 

506 

7167 

-38       ,        !    81              -     3 

+  266 

473 

7168 

-51 

-f  89 

—  I 

+  266 

471 

1 
SIMM 

486 

ARY. 

IVndulnni  1^,— 0-60080 

70 

H,  =  ()-5(>0S(> 

90 

B 

,  -  0-5(K)74 

80 
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haiiomktkk;  dkteuminatiox  of  the  iiekjhts  op  WAIMEA, 

kalaieiia,  and  waiat. 

Meteorologujiil  observations  wore  miulo  during  the  month  of  July  as 
a  check  on  the  heiglits  deterniiiuMl  tri^onometrically.  A  barometer 
was  read  at  Ililo,  near  tlie  sea  level,  on  the  windward  side  of  the  island, 
simultaneously  with  similar  observations  at  the  three  stations  men- 
tioned above.  In  addition  to  this,  Trot*.  A.  I».  Lyons, of  Oahu  College, 
made  readings  at  Waimea,  from  July  18  to  July  27,  which  furnish 
independent  values  for  the  elevations  sought.  The  observations  were 
made  at  0  a.  m.,  3  p.  m.,  and  0  p.  m.  At  Waimea  the  station  occupied 
by  myself  was  not  identical  with  that  of  IM'ofessor  Lyons,  so  there  is 
no  check  on  the  result  for  this  i)lace;  but  by  combining  the  Waimea 
observations  with  the  continuous  ones  at  Ililo,  and  with  those  made  on 
the  mountain  during  its  occupancy',  two  very  concordant  independent 
values  are  obtained  for  Kalaieha  and  Waiau.  Barometer  Green  No. 
SoSO  was  carried  to  the  summit,  and  Xo.  .'5353,  jdso  by  Green,  was  used 
by  Professor  Lyons.  An  intercomparison  of  all  the  instruments  used 
showed  an  agreement  within  one  hundredth  of  an  inch  in  the  readings 
when  under  the  same  (MUiditions.  The  station  occuj>ied  by  myself  at 
W^aimca  was  ^[r.  W.  L.  Yredenburg's  house.  Professor  Lyons  observed 
at  the  "  Lyons  Mansion,''  which  is  presumably  about  50  feet  higher. 
At  Kalaieha  the  readings  were  made  at  the  northwestern  cottage, 
about  100  feet  east  of  the  i)endulum  station,  and  approximately  on  the 
same  level. 

The  barometer  was  hung  in  the  tent  at  Waiau  and  was  3  feet  higher 
than  the  surface  of  the  lake.  The  Ililo  observations  were  made  some 
distance  from  the  sea,  nnd  the  elevation  of  the  station  is  given  as  100 
feet,  although  I  believ^e  this  is  only  an  estimated  value.  The  reduc- 
tions were  made  by  means  of  tlie  Smithsonian  Meteorological  Tables 
(edition  of  1893)  and  gave  the  following  results: 

Diffireurva  of  heUjhl. 


Differences  of  hcifj^ht  betwfcn- 

Dales  of  obsci- 
vution. 

Number 
of  rcad- 

Probable 
error  of 

DifTerence 
in  feet. 

inps. 

inetin. 

1 

'     />.'/. 

Waimca  (V)  and  Hilo 

juJy     7     to  II 

II 

'        3 

2632 

Waimea  (L)  ami  Hilo 

i8    to  25 

13 

'        5 

2672 

Kalaieha  and  Hilo 

13    to  18 

18 

!         18 

6700 

Waiau  and  Hilo 

21    to  25 

14 

i       23 

'  32ii 

Kalaieha  and  Waimea  (L) 

iSand  27 

4 

1       '3 

4033 

Waiau  and  Waimea  (L) 

21    to  25 

12 

27 

1 

I  0557 
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From  the  iil)ove  UMo  wo  dorivo  tlie  eh^vatioiis  above  ITilo  as  follows: 


Station. 


Kalaicha 
Waiau 


Observer, 
:   A.  H.  Lyons. 


Feet. 

6705 
I  3229 


I 


Observer, 
E.  D.  Preston. 


Feet. 
6700 

I  3233 


Mean. 


Feet, 
6702 

I  323" 


The  trianfjulatiou  made  by  Professor  Ah^xaiuler  (ba^sied  on  the  eleva- 
tion of  Manila  Kea  primary  trigonometrical  stiition)  gave  the  following 
results: 

Feet. 

Mauna  Kea  1'^  /C;  (above  moan  tide  from  ])revions  triangnlation )  13760*0 
*<         "     2^>-  4  (by  leveling  from  above)  13804-6 

Snmmit  A  13810-0 


Peak  A  =  IV)liahn 
"     B 

Waiau  astronomi(!al  stjition 
"       Lake 
"       crater  ^  (on  outer  bank  of  (4*ater) 

Liliuoe 

Kalaieha  latitude  station 
Keonehehee 


13646-5 
134(;8-6 

13041-4 

13040 

13179-4 

12096-5 

6713-6 
11513 


620 


V,   R.  COAST  AND  GEODETIC  SURVEY. 


The  following  tableH  give,  a  Rummary  of  the  reHultH  for  the  entire 
season's  work : 


Abairart  of  magnetic  dechnatum  ohMerrationn. 


'    Scale 

1 

j  Sc-ale 

Station. 

Date. 

rcadinif 
of  mag- 
netic 

Magnetic 
declinatiiin. 

Station. 

:  reading 
I  )ato.        (if  mag- 
net ic 

Magnetic 
declination. 

aziK. 

axis. 

i89I-'q2. 

d. 

0         / 

1892.             d. 

0         / 

Waikiki.Oahu 

Aug.  II 

2872 

10  05 -3 

;  Waiau    (sum- 

July   21 

3002 

10     21 -O 

12 

2880 

049 

mit  of  Mau- 

22 

29*24 

>3 
Mean 

053 
10  05-2 

na  Kea) 

1 

1 

24 

Mean 

2963 

24-4 

28  76 

ID     227 

Kahuku,Oahu 

Nov.  25 

10   16-4* 

Hilo,  Hawaii 

July    30 

8   26 -Y* 

26 

2934 

130 

31 

29-00 

25-3 

27 

147 

; 

AujT.     I 

2876 

18*9 

Mean 

29  34 

10    147 

■ 

2 

194 

.Mean 

28-88       8    22-4 

Honolulu 

June     2 



10   14-7 

1 

^w 

3 

29*12 

174 

Napoopoo, 

Aug.  18 

2830 

9  09-2 

4 

29-00 

16-7 

Hawaii 

19 

10*9 

Mean 

29*06 

10   16-3 

(Captain 
Cook's  sta 

20 
21 

2S-3"8 

057 
06 -6 

Kawaihae, 

July      I 

29-18 

9    18.7 

tion,    1779) 

Mean 

28 -H 

9  08-1 

Hawaii 

2 

2888 

20-5 

•r   ■ 

^ 

3 

22-5 

.   l^hnina,   Ha- 

Auk. 23     

9  oSi» 

^ 

waii       (Dc 

24 

09*9 

Mean 

29  03 

9    20  -6 

j        Freycinct's 

25 

28*42 

o8*8» 

Waimea,  Ha- 

July     8 

~  8   5o~o ' 

station  1819) 

Mean 

waii     (west 

28*42 

9  o8*9 

base) 

wr                                 a 

28-58 

10  03-8 

~-~- — ' 

Waimea   .A. 

Sej»t.     2 

Waimea,  Ha- 
waii (Lyons 

9 

9   03  0 
04*2 

Kauai 

3     

03-2 

1 1 

■*" 

1872) 

Mean 

2S-58 

lo  03*5 

Mean 

—  ^  ^  ^  ^ 

9  03*> 

Waimea   H, 

Sept.     5 

9  42*6 

-  . 

— 

Kauai 

6 

49*2 

Kalaieha,  Ha- 

July   14 

29-06 

9   53' 

1 

7 

47 -o 

waii 

'5 

—  .   .     .  • 

52-1 

.                            1 

_  _  . 

.. 

- 

•^ 

Mean 

9  463 

Mean 

29-06 

9   526 

NonopaiKi.Ni-  ^ 

Sept.     9 

"^ 

10  01 '4 

" 

ihau 

•<)i 

ily  a.  m.  or] 

1.  in.  ubscrvutiuns. 
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Abatraci  ofreanlta  of  magnetic  dip  ohservatwnn. 


f^A           M.  " 

Date. 

Dip  by  needle  No.  1. 

Dip  by  needle  No.  a. 

Station. 

0      / 

8. 
0      / 

N.-S.    Mean,  i      X. 

1 

s. 

N.-S. 

/ 

Mean. 
0      / 

1891-92. 

/ 

1 
0     / 

1 
0      / 

0     / 

Waikiki,  Oahu 

Aug.  II 

40  08 

39  29 

f39 

39  48 

39  5> 

40  02— II 

39  56 

12 

14 

28 

-f46 

5' 

40  10 

01 

■t-  9 

40  06 

>3 

20 

28 

I-52 

54 

39  50 

06 

-16 

39  58 

Kahuku,  Oahu 

Nov.  25 

42  01    41  Of 

j  60 

41  3" 

41   34 

41  20 

+■14 

41  27 

26 

41  34 

05 

-t-29 

20 

26 

28 

-  2 

27 

•27 

4« 

07 

1-34 

24 

12 

38 

26 

25 

Honolulu 

June     2 

41  02 

40  10 

-1-52 

40  36 

40  42 

40  54 

—  12 

40  48 

3 

40  55 

13 

142 

34 

34 

46 

—  12 

40 

4 

41   10 

22    4-48 

46 

46 

52 

6 

49 

Kawaihae,  Hawaii 

July      I 

38  32 

37  46    j  46 

3809 

38  04 

38  15 

-II     38   lOl 

2 

42 

48    f54 

'5 

05 

14  —  9          10 

3 

37 

41M-56 

09 

'3 

16  -  3  i        »4 

Wainica  (west  base), 

8 

39  32 

38  15    1  77 

3854 

38  30   38  25    i    5 

38  28 

Hawaii 

1 

Waimca  (Lyons'  72), 

9 

3838 

04  -i  34          21 

20 

29  1—  9 

24 

Hawaii 

Waimea  (Lyons '72), 

II 

55 

34 

-f-2I 

44 

18 

28 

10 

23 

Hawaii 

Kalaieha,  Hawaii 

14 

39  12 

38  23    1  49 

38  48 

38  50 

38  50 

o;38  501 

>5 

09 

341-1-35 

52 

39 

43:—  4 

41 

16 

14 

19 

f55 

46         53 

46+  7 

50 

Waiau  (summit  of 

21 

39  00 

38  09 

+51 

38  34  i  38  42 

38  14'  ^28 

38  28 

Mauna  Kea) 

22 

38  57 

>3 

-f44 

35 

24 

38 

—14 

31 

23 

54 

17 

-h37 

36 

41 

42 

-  I 

42 

Hilo,  Hawaii 

30 

39  43 

39  03 

1  40 

39  23 

39  14 

39  23 

-  9 

39  18 

3> 

39 

04 

-f35 

22 

20 

32 

—12 

26 

.  Aug.     I 

50 

12 

f38 

31 

25 

'5 

+  IO 

20 

Napoopoo,   Hawaii 

18 

37  56 

37  22 

f34 

37  39 

37  44 

37  34 

fio 

37  39 

(Captam   Cook's 

19 

46 

36  57 

f  49 

22 

22 

46 

-24 

34 

station,  1779J 

20 

3808 

37  10 

158 

39 

54 

30 

+24 

42 

Lahaina,    Maui    (De 

23 

39  43 

38  24 

-f-79 

39  04 

39  24 

39  22 

+   2 

39  23 

Frcycinet's  station, 

24 

48 

49 

+59 

18 

32 

36 

—  4 

34 

1819) 

25 

50 

51 

f-59 

20 

28 

30 

—  2 

29 

Waimea  A,  Kauai 

Sept.    2 

40  48 

39  35 

+73 

40  12 

40  13 

40  25 

—  12 

40  19 

3 

56 

48 

+68 

22 

28 

29 

—  I 

28 

Waimea  H,  Kauai 

5 

40  45 

39  54 

+  5> 

40  20 

40  24 

40  16 

+  8 

40  20 

6 

36 

55 

+41 

16 

22 

34 

—12 

28 

7 

44 

40  04 

+40 

24 

36 

20 

+  16 

28 

Nonopapa,  Niihau 

9 

41  01 

40  08 

+  53 

40  34 

40  35 

40  5" 

-16 

40  43 
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Siimmarif  of  magnetic  dip. 


Station. 


\Vaikiki,(>ahu 


Kuhuku,(.)alui 


I>:itc. 


1 89 1 -'92. 
Auj;.   1 1 
12 

^5 


Nov.  25 

2(» 

27 


1     2. 


Dip. 


Station.  ■       Dsitc.       .>»'<^-'»^"'         Di,, 

z  3.  * 


o 
S       .^9 

I       '5 

I         4 

;  Mean     ;9 

I 

■'.     41 

:  / 

I       -    »    1 

I  Mean     41 


5  20 

^•^  :> 
500 

55  5 

29  o 

235 
245 

257 


!         IS92. 

Wiiiau  (sum-        July  21 


mit  of  M.1U- 
na  Kca) 


Ililo,  Hawaii 


22 
-23 


3^ 


Honolulu  I  June 


K  a  w  a  i  h  a  c , 
1  lawaii 


Waimea  (west 
base) 

Waimea  (Ly- 
ons, '72) 

Waimea  (Ly- 
ons, '72) 


Kiilaieha,  Ha- 
waii 


July 


2 

3 
4 


I 


1 

J 


8 

9 
II 


12 

40  42-0 

0 

370 

> 

47  5 

,  Mean  1  40  42  2 


-I 

Mean  '    jS 


L-26 


14 

15 
16 


:  21 

Mean 
_  2 

-  4 


3S 
38 


3-S 
38 


095 

I2'5 

II  5 

II  -2 

4 10 

225 

335 
280 


490 

46-5    ! 
48  o 


Napoopoo, 
Hawaii 
(Ca|)t ai  n 
Cook's  sta- 
tion, 1779J 

I^liaina,  Maui 
(I)e     Frey- 
cinel's  sta- 
tion, 1 8 19) 


31 

Auj;.     I 


18 

»9 
20 


:   -f  6 

'  -i-  4 
•     -  6 

Mean 

+  5 
—  4 
-f  II 


38 

3^5" 
39 


31  o 

330 
39  o 

34*3 

20  5 
24-0 

25  5 


;  Mean     3'>    2i'3 


o     37 
-12 

-iS 


39.0 
28  o 

405 


Mean      \7    35  8 


I 


24 

2$ 


-19 
-16 

39    1 3  5 
26  0 

-  9 

24  5 

Mean  i  39    21  •; 


W'aimea  A,      Sept.    2 


il 


Kauai 


Waimea  1>, 
Kauai 


Mean     38   47-8 


Nonopapa, 
Niihau 


■» 
J 


5 
6 

7 


<) 


-  7  i  40 

—  0 

I  . .  . 

Mean     40 

I .    . 

o  .  40 

-12  i 

4  [ 

Mean     40 

—  9  I  40 

I 


'5-5 
25  o 

20-2 

20  O 

22 'O 
26-0 

227 

~3^~S 
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AbiUravt  of  inaffncHc  Iwricontal  inteuHitij  olmervations. 


H.)ii- 
/•mtnl 

Magnetic 

Hori- 
Zdntal 

Magnetic 

Station. 

Date. 

intcpsi- 

tv  =// 

(C.G.S. 

units). 

nionjcnt=/'/ 
of  intejisitv 
magnet  (CT. 
(J.  S.  units). 

Stati«»:i. 

Date. 

intensi- 
ty =// 
(C.G.S. 
units). 

momcnl=w 
of  intensity! 
inaj^nct  (C  i 
G.  S.  units). 

lS9l-'92. 

1892. 

Wiiikiki,<:)ahu 

Aug.   II 

•2979 

129-8 

Waiau    (. sui li- 

July   22 

•2950 

123-5 

12 

71 

96 

mit  or  Mauna 

23 

50 

3-' 

13 

92 

9-4 

:     Kea) 

1 

^S 

_   T 

41 

Mean 

•29S1 

129-1') 

Mean 

•2950 

123-6 

Kahuku,()ahu 

Nov.  21; 

•2932 

120-3 

Hilo,  Hawaii 

July    30 

•3064 

127-0 

26 

3» 

8-r> 

31 

64 

75 

27 

48 

8-6 

Aug.     I 

57 

6-8 

27 

40 

8-3 

m    m 

* 

Mean 

-3002 

127-1 

\Ip5in 

•-^938 

1  '8-7 

.  -.  . 

««■  \.  A«  1& 

A   *«V^       / 

Napoo  poo, 

Aug.  18 

•3035 

124-0 

Honolulu 

June     2 

•2954 

127-9 

1 1  a  w  a  i  i 

19 

27 

47 

3 

47 

7-9 

{Captain 

20 

II 

5-3 

4 

5' 

7-9 

C'n)k's  sta- 

Mean 

•2951 

127-9 

tion,  1779) 

Mean 

•3024 

124-7 

Kawailiae, 

July      I 

•30c  I 

129-4 

Hawaii 

0 

^ 

25 

8-2 

I^ahuina,  Maui 

Aug.  23 

•2990 

1240 

3 

10 

(Dc     I'rey- 

24 

80 

5  4 

Mean 

•3012 

128-5 

cinct's    sta- 
tion, 1 81 9) 

25 

96 

4-8 

Waimea  ( west 

July      8 

•2966 

128-0 

Mean 

_ 
-2980 

1250 

l>a.sf) 

' 

•'      _ 

«  T                                               1                V 

- 

Waimea     A, 

Sept.    2 
3 

-288(^ 

125-2 

(Lyons,     72) 
ilawaii 

9 

•2978 

129-3 

Kauai 

79 

4 '9 

(Lyons,    '72) 

" 

86 

8-4 

M  can 

•2882 

1250 

Mean 

•29S2 

128-8 

Wniniea      15, 

Sept.    5 

•2934 

1240 

Kal  a  icha, 
Hawaii 

July    14 
»5 

•2949 
58 

I28-S 

8-"i 

Kauai 

6 

7 

Mean 

26 
'2931 

40 
40 

124-0 

Mean 

•2954 

12S-3 

-^  w/ 

T 

No  no  pa])  a. 

Sept.    9 

-2928 

1254 

Niiliau 
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n.  8.  COAST  AND  GEODETIC  SURVEY. 


Jitrapiiuiaiiou  of  rrttultn  of  mmjnetiv  observationi. 


Stutioii. 

Lut 

ituilc 

.  t 

'F-on;;itu«Ii' 
(west  i»f 

Date, 

iiioriii). 

(.rfLVIIwif  h>. 

1891-     93. 

0 

/ 

0 

/ 

Waikiki,  Oahu 

21 

10-4 

157 

497 

Auj;.  II-I.^ 

Kahuku,  Oahu 

21 

42  0 

157 

517 

Nov.  25-27 

Honolulu 

J I 

iS-o 

»57 

5 '5 

June       2-4 

Kawaihac,     Ha- 

20 

02  4 

»55 

.17-., 

j"'y      '-? 

waii 

Wainica      (west 

20 

02 -I 

155 

.w-'> 

S 

base) 

Waimea  (Lyons, 

20 

02 -o 

'55 

37 -t^ 

9-1 1 

'72),  Hawaii 

Kalaieha,  Hawaii 

I<) 

42-(> 

'55 

25  w 

14-16 

Waiau     (summit 

19 

4(r2 

'55 

20 -s 

21-25 

ofMaunaKta) 

Hilo,  Hawaii 

I<) 

44  Tj 

i55 

04-0 

30-Aug.  2 

Napoopoo,     Hii 

19 

2tr<> 

'55 

590 

Aug.  1S-21 

waii 

Lahaina,  Maui 

20 

52  0 

156 

409 

23-25 

Waimea  A,  Kauai 

21 

570 

'59 

420 

Sept.      2-  ? 

Waimea  I {,  Kauai 

21 

57-2 

'59 

424 

5-7 

Nonupapa,     Nii- 

21 

550 

160 

130 

9 

hau 

iKrliim-    "il'^''"'"     ""ri-      ToUlln- 

•'-"««'•  hor/;:;:..  mSV.  '-»"y- 


lu  C15-2  I  30 

10  147  1 41 
.  10  103  I  40 

y  20-()    3«S 

I 

8  5.)-(> '  38 
I    9  «.V6  i  3« 


555 
257 

422 


Dym. 
0*298 1 
0-2938 
0295 1 


I  I -2  0*3012 

i 

41  *o  0*2966 

I 

28-0  •  0-2982 
9  5 2 -6  38  47  S  02954 


10  22-7 


38  34 -3 


8  22*4  39 

9  oS*i  37 

9  08-9  39 
10  035  I  40 

9  4^>-3  I  40 
10  01  *4  40 


23-3 
35  •« 

20-8 
20 -2 
22-7 


0*2950 

0*3062 
0*3024 

0*2989 
0*2882 
0*2931 


385   0*2928 


Dyne. 
0*3887 
0*3910  ; 
0*3892 
0*3832 

0*3799 

0*3809 

03790 
0-3761 

0-3962 
0*3819 

0*3865 

03753 
03848 

03859 


The  ge<^aphical  )X)siti(>ns  arc  given  only  approximately.     That  of  NonO[>apa  is  uncertain. 

The  localities,  ^eo^rapliical  positions,  and  elevations  of  the  gravity 
stations  in  order  of  their  latitude  are  as  follows: 


Station. 

LtK::ility. 

Latituilc. 

_ 

Koiif;itiide. 

A   (•) 

Elevation. 

Elevation. 

0      /    // 

0         /       // 

Metres. 

Feet. 

Washinj^on 

Smithsonian      Insti- 
tutidU 

38  53  20 

77  01  35 

10 

34 

Washingtou 

C  antl  G.  Survey 
( )thce 

38  53  13 

77  00  31 

14 

45 

Mount  Hamilton 

l.ick  ()l»servatory 

37  20  25 

121  38  35 

1282 

4205 

Honolulu 

Kapuaiwa  Ituildin^ 

21   18  03 

157  51  46 

6 

20 

Waikiki 

J.  F.  l^Dwn's 

1    21   16  25 

157  50  01 

3 

ID 

Kawaihae 

S.  Parker's 

20  02  25 

155  49  36 

2 

8 

Mauna  Kca 

W'aiau 

,    19  49  II 

155  28  48 

3981 

13060 

Kalaieha 

Humuula 

19  42  32 

155  27  53 

2030 

6660 
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Tlic  fullowiiig  tableH  give  a  sumiiiary  of  i-ettults  for  esich  peutluluia 
UD(1  tliu  compurative  force  of  gravity  for  eiicli  station : 


Ci  p™..ir..,so«»"iiio>(;.it., 

uMf  „u. 

l>ei]ilull>TII!i. 

Diflerenc 

.(i.«.v™<h,l.ci™1 

Suiion. 

B.-II. 

i  IfltLl. 

»i 

». 

11, 

BrH, 

...». 

S..o«Js 

Jtcowrff. 

SfiomO. 

O'soo  7828 

0500  6962 

0-500  6j25 

+866 

+637 

4-1503 

1  0015 

09177 

+856 

+638 

+  1494 

1082J 

f82, 

4- Goo 

1  I  "57 

1  0287 

09622 

4-S;o 

+  665 

+  'SJS 

Kalii[cha 

1  1946 

I  1067 

+879 

+616 

.1364 

08976 

08096 

074B6 

+S80 

4-610 

0  77W 

o&,5o 

06JI3 

+8*4 

+637 

+148. 

SuUon. 

„»,„>,-. 

«.,.„,-.,.„.,.. 

gravLy, 

AbsoIulQ  fprcB 
ol  Brsvily. 

n,..s. 

Wariiington* 

0-500  7026 

I  000  000 

i-oooooo 

98^.00 

0'998  776 

978902 

0501  0050 

I '000604 

0'998  79a 

978-917 

Honolulu 

1000596 

0998808 

"SOI  OJSS 

1000665 

0998  670 

978798 

Kalaieha 

.■<k;o83S 

1  '000  aji 

0999  53*> 

979-646 

The  penduliiiii  obseryatioiin  made  011  tlie  Island  of  Hawaii  caable  as 
to  valciilnto  the  mean  deuuity  of  Maiiua  Kea  from  an  assumed  value  for 
the  earth's  mean  density;  or,  iicceptiug  a  density  of  the  luouiitain 
derived  froui  a  study  of  tite  rocks,  wo  may  reverse  the  problem  and 
obtuiu  a  value  of  the  mean  density  of  the  earth.  An  utteutiit  will  now 
be  miwle  to  utilize  the  preceding  results  in  both  of  these  ways. 

THE   DENSITY   Ol'  MAL?iA  KEA  AND  THE  MKAM  DENSITY   Of  THE 

KAKTH. 
The  formula  usually  ouiidoycd  iu  tlio  truutnient  of  tlie  chauge  of  the 
foM-eof  gravity  with  elevution  is; 

(1) 


where  y  =  the  force  of  gravity  at  the  sea  level, 
/(  =  the  elevation, 
»■   =  the  radius  of  the  earth, 

(5   =  tbe  density  of  the  mountain  or  lablo-luiid,  aud 
.i  =  the  mean  density  of  the  earth- 
S.  Ex.  I'J,  pi  L» 10 
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This  formula  is  derived  by  combining  the  earth  attraction,  varying 
inversely  as  the  square  of  the  distance,  with  the  attraction  of  the  mat- 
ter lying  between  the  sea  level  and  the  upper  station.  Certain  sup- 
positions are  made  in  regard  to  the  form  of  this  exterior  matter  and  it 
has  been  generally  considered  a  sufficient  approximation  to  regard  all. 
the  matter  as  equivalent  to  that  contained  in  a  plain  of  infinite  extent 
and  of  a  thickness  equal  to  the  elevation  (h).  Whether  this  supposition 
is  admissible  depends,  of  course,  on  the  relatiau  between  vertical  and 
horizontal  dimensions  of  the  intervening  mass.  If  we  suppose  this  to 
be  of  a  conical  form,  the  above  term  depending  on  the  attraction  of  the 
plain  must  receive  the  correction 

3j^ h^_ 

where  (a)  is  the  radius  of  the  base. 

This  expression  reduces  to  zero  for  au  infinite  value  of  (a)  in  which 
we  have  the  ]>reviou8  case  of  an  infinite  ))lain.  For  a  =  o  the  entire 
effect  of  the  intervening  matter  disappears,  as  it  should  do  in  the  for- 
mula. The  expression  for  the  difi*erential  of  gravity  at  the  summit  of 
a  conical  mountain  would  therefore  be: 

2h    /,       3  6      3  d         h        \ 


2&     A       3d      3  6  A 


where  (/3)  is  the  semivertical  angle  of  the  mountain.  When  (a)  is  very 
large,  compared  with  (A),  the  correction  for  a  paraboloid  is  ^  and  that 
for  a  sphere  is  i  that  given  above.*    Since  from  the  nature  of  the  case 

(h)  is  always  smaller  than  (a),  the  quantity  --^-^-^=r--  is  never  equal  to 

unity,  and  the  total  efiect  of  the  last  two  terms  must  be  essentially 
positive,  and  we  have  a  greater  value  for  gravity  in  the  case  of  the 
cylinder  than  for  the  paraboloid,  and  a  greater  one  for  the  paraboloid 


OL- 


SecL  Lcyct 


than  for  the  cone.    In  the  figure,  gravity  at  (Q)  would  be  diminished 
by  passing  to  (P)  (if  no  intervening  matter  existed)  by 

-  ■  a  =  correction  for  distance. 


*  Helinert,  p.  172,  II  Thoil. 
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If  wc  interpose  the  infinite  plain  (abed),  gravity  at  (/*)  will  be 
increased  by 

-     y  ,       =  correction  lor  plain. 

Since  (S)  is  always  less  than  (A),  the  combined  eflFect  of  these  two 
terms  will  be  essentially  negative.  The  difference  between  the  eflects 
of  the  plain  and  the  cone  is  seen  in  the  last  term,  and  the  totiil  influence 
exerted  by  matter  equal  in  volume  and  position  to  that  generated  by 
the  revolution  of  the  trapezoid  (a  7*  a  d)  around  (F  Q)  would  be: 

_2/t    3   (J         h 

Since  {a)  is   always   very   much   greater   than  (/i),  the  expression 

-/,,        ..  is  a  small  fraction,  and  the  combined  effect  of  the  last  two 

t^rms  will  be  of  the  same  sign  as  the  first  one  of  them;  that  is,  their 
ettect  will  be  essentially  positive.  This  is  as  it  should  be,  and  shows 
tliat  the  eflcct  of  this  matter  is  to  increase  gravity  at  (P),  whereas  the 
effect  of  the  first  two  terms  would  necessarily  be  to  diminish  gravity 
at  the  same  i)oint,  except  in  the  extraordinary  case  where  the  infinite 
plain  should  be  one-third  as  heavy  again  as  the  average  earth  matter. 
A  uniform  density  of  7'5(>  in  an  infinite  phiin  immediately  under  the 
station  would  exactly  counterbalance  the  diminution  of  gravity  on 
account  of  distance.  The  negative  sign  attributed  to  the  last  term 
must  not  be  interpreted  as  meaning  that  the  actual  efl'ect  of  this  matter 
is  to  diminish  the  value  of  gravity  at  (P).  It  rather  means  that,  the 
general  effect  of  the  i)lain  being  to  increase  gravity  at  (P),  the  influence 
of  (rt  P  8  d)  comes  in  here  as  expressing  the  difference  between  the 
effects  of  the  plain  and  cone,  and  that  the  plain  effect  must  be  dimin- 

ished  by  V  ~^    /..        ^  in  order  to  get  the  cone  ettect.      In  fact,  the 

«>    j^ 
parenthetical  i)art  of  the  actual  phiin  ettect  being  -f     _    ,  and  that 

of  the  volume  (a  P  s  d)  being    +  i     ^      .   ,      __,   their    ditterence,   or 

"^4    ^  ~  I    /v     /,.,—  -   ,,  gives  the  actual  ettect  for  the  cone  as  expressed 

4  ^      -1  A   V  /r  +  a- 

in  (2).     For  a  mountain  2*5  miles  high  and  having  a  ra<lius  of  base 

h  1 

equal  to  30  miles   ,.^ -^  =  p  (nearly);  so  that  it  makes  an  essential 

ditterence  whether  w^e  treat  the  mountain  matter  as  a  cone  or  as  a 
plain.    In  this  case  the  ettect  is  changed  by  its  one-twelfth  part. 

The  formula       =—-7(1  —  *^—)  has  long  been  knowii  as  Young 
llule,  although  it  first  api>eared  in  1749,  in  Bouguer's  work,  "La  Figure 


'8 
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(le  la  IVrn*/-     lie  makes  the  assumption  that  J*  =  li  (J,  fiXMii  which  the 

total  diminution  of  gravity  on  account  of  distiince  and  nuiss  would  be 

5/t 

^  ..     This  (MUTection  has  (M>ntinually  been  a])])lied  in  the  treatment  of 

monntaius  and  tjiblelands  by  most  modern  observers.     There  has  beeu 
some  question  whether  this  fonnula  is  the  i)ro])er  one  to  use,  or  whether, 
indeed,  anv  correcticm  at  all  should  be  made  for  (rontineutal  iittraction. 
It  lias  beeu  assumed  that  the  whoh*  cone  of  matter  (Pst)  uiig'ht  be 
brought  down  by  compression  to  the  lino  {d  c)  without  materially  alter- 
ing the  shape  of  the  sea  level.    That  is  to  say,  that  the  vertical  attrac- 
tion at  the  point  (P)  before  compn»ssion  is  ai)proxinmtely  equal  to  that 
after  compression.     In  othej*  words,  the  intervening  matter  has  no  effect. 
This  assumj)tion  has  evidently  been  made  in  view  of  the  earlier  meas- 
urements of  the  force  of  gravity,  which  seemed  to  show  a  very  small 
density  ibr  mountains.     Two  notable  cas4»s  of  this  are,  first,  the  Andes,* 
which  api)ear  to  be  not  much  heavier  than  ice,  and  the  Island  of  Ascen- 
sion, where  the  observed  force  of  gravity  at  the  sea  level  was  actually 
less  than  that  at  the  summit  of  (ireen  Mountain, t  indicating  that  the 
downward  attra4'ti(m  of  all  the  matter  above  the  s(»a  level  was  insii^. 
nificant.     The.se  remarkable  results  hav*'  not  always  been  (5onftrme<l  by 
later  observers,  and  recent  work  calls  for  a  dilferent  interpretation  of  the 
effect  of  this  matter.     The  condensation  theory  ])roposed  by  Professor 
llebnert,  in  his  ''Die  Mathematischen  und  physikalischen  Theorieen 
der  hoheren  ( leodiisie,-'  makes  it  possible  to  treat  pendulum  observations 
in  a  way  more  consistent  with  tln^  results  of  modern  ol )servations,  and 
by  80  doing  to  derive  a  much  more  trustworthy  value  for  the  earth's 
ellipticity.     »lust  how  particular  forms  modify  the  density  deduced  for 
the  mass  lying  between  the  sea  level  and  the  upper  station  is  shown  by 
the  following  table,  which  has  beeu  calculated  for  Kahueha,  at  an  ele- 
vation of  <>  (5t)()  feet.     The  mean  density  of  the  earth  is  assumed  as  5*67. 
The  diminution  of  gravity  in  passing  from  Ivawaihae  (elevation  S  feet) 
to  Kalaieha  is  O'O(H)  .'520  g  ((j  being  the  value  at  the  sea  level). 


*  I  ill  Kijjfiirc  <l<i  la  1Vrrc,  par  ^f.  Uoiigurr.  Paris.  1710,  p.  3G2. 

■ 

t  Memoirs  Koyal  As'tronomical  .Society,  Vol.  vii,  ]>.  (K). 
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It  is  seen  that  bcyoiul  30  miles  the  eflfectof  an  increase  in  the  radius 
is  eomi)arati vely  insignificant,  and  that  any  possible  chanjje  in  the  form 
of  the  matter  after  this  limit  is  reached  can  not  essentially  modify  the 
resulting  density.  The  cone  and  the  infinite  i>lain  being  the  extreme 
cases  between  which  all  other  forms  fall,  it  is  worth  while  to  compare 
these  two  in  their  effect  on  the  force  of  gravity  for  the  particular  case 
under  consideration.  The  elevation  of  tlie  pendulum  station  at  Waiau, 
near  the  summit  of  Mauna  Kea,  is  13000  feet.  The  mountain  is  gen- 
erally gradual  in  its  ascent,  and  if  we  assume  30  miles  as  the  radius  of 

the  base,  we  have      =    ..^    =  0'0824  =  iq- 

Witlnrnt  stoi)piug  to  inquire  for  the  i)resent  whether  Young's  Kule 
gives  a  density  for  the  mountain  which  is  absolutely  correct,  for  the 
sake  of  comparing  Miuma  Kea  with  other  mountains  a  rigorous  for- 
nnila  is  perhaps  not  necessary.  If  we  consider  the  nnitter  lying 
between  Waiau  and  the  sea  level  as  an  infinite  plain,  as  has  been  done 
in  other  cases,  we  iirrive  at  the  equation: 

S  =  0-530  A 

Taking  the  matter  a.s  a  cone  of  height  2-17  miles  and  radius  of  base  30 
miles,  we  get: 

fi  =  0-584  A 
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Assuming  A  =  5*58  (Harknesa),  we  have 

for  inliuito  ))lain  6  =  2'y9 
for  cone  S  =  3-26 

Either  of  these  values  is  much  greater  than  has  usually  been  found  for 
other  mountains,  and  the  latter  one  is  greater  than  any  of  the  rocks 
found  on  the  surface.  An  extensive  collection  of  these  rocks  was  made 
at  difterent  elev.ations,  beginning  at  Kawaihai^,  on  the  leeward  side, 
passing  to  the  summit,  and  finally  ending  at  Flilo,  on  the  windward  side. 
In  all,  26  specimens  were  obtained.  They  have  been  carefully  studied 
by  Prof.  George  P.  Merrill,  curator  of  lithology  at  the  Smithsonian 
Institution,  who  has  kindly  furnished  the  following  description.  The 
points  from  which  they  were  obtained  are  indicated  in  illustration  No. 
31.  Only  18  determinations  of  specific  gravity  were  made,  as  this 
number  of  specimens  seemed  to  include  all  the  distinct  types  in  the 
collection. 

DESCRIPTION   OF   apKClMEXS. 

As  was  tho  raso  witli  flf*inples  anbmittod  l»y  yon  in  1888,  *  and  as  was  to  be  expected 
from  papers  by  Dana  and  others  t  on  the  rocks  of  those  islands,  the  samples  are  aH 
basaltic  lavas,  differ  ngonly  in  dojjjn^es  of  crystallization,  compactness,  and  thenmoiuit 
of  decomposition  they  have  nn<lcrgone  since  their  extrnsion.  The  essential  constit- 
uents of  all  these  rocks  are  basic  pla^ioclase  feldspars,  au/^ites.  olivines,  and  grains 
of  magnetic  iron,  together  with  sporadic  microscopic  apatites,  titanic  iron,  iron 
pyrites,  and  the  various  incipient  forms  of  crystallization  to  which  tho  convenient 
name  of  trichites  may  be  applied.  A  r<'sidnal  j^lass,  <liie  to  iinpc-rfect  crystallization, 
is  to  be  observed  in  ^reat4>r  or  less  abundance  in  nearly  all  eases.  The  microscopic 
characteristics  of  these  rocks  and  their  constituent  minerals  have  been  so  well 
described  by  the  above-mentioned  writer  that  little  remains  to  be  done  here  bnt  to 
call  attention  to  such  of  their  pe<'uliarities  as  have  a  direct  bearing  upon  the  subject 
in  hand.  All  stages  of  crystallization  are  to  bo  found  in  the  samples  submitted, 
from  those  consisting  almost  wholly  of  glass  (specimens  1)  and  13),  through  fonns 
carrying  sharply  angular  or  beautifully  dendritic  crystallizations  of  feldspar,  augite, 
«and  olivine  in  a  glassy  base  (specimen  14),  to  those  almost  wholly  cr^'stalliue,  exhib- 
iting only  here  and  there  small  interstitial  areas  of  more  or  less  devitritieil  glass 
(specimens  1,  2,  18,  23,  etc.).  A  like  variation  is  found  in  other  physical  properties, 
samples  from  various  sources  showing  all  gradations  from  highly  vesicular  (pumice- 
ous)  forms  (specimens  No.  7,  11,  13,  28,  31,  33),  so  light  in  some  cases  as  to  almost 
float  on  water,  to  compact  glassy  or  crystalline  varieties  showing  in  the  mass  a  specific 
gravity  as  high  as  3*08  (H]>ecimen  2).  The  following  not^.s  on  a  few  charact-eristio 
specimens  will  serve  to  show  tho  general  character  of  the  rocks.  The  specific  gravi- 
ties given  were  made  upon  powdered  material  in  picnometer  flasks: 

No.  1.  A  dark  blue-gray  rock,  weathering  brownish,  only  slightly  vesicular,  and 
showing  no  crystalline  secretions  sufficiently  developed  to  be  visible  to  the  unaided 
eye.  In  the  thin  section  it  shows  an  abundance  of  lath-shaped  plagioclases,  thickly 
crowded  together;  numerous  imperfectly  outlined  black  and  opaque  are.is,  assumed 
to  be  altered  augites,  and  an  occasional  yellowish-red,  badly  altered  olivine.  The 
ground  mass  is  full  of  black  opaciue  matter  and  brownish  decomposition  products. 
Specific  gravity,  2*82. 


•  See  App.  14th  Kept.  U.  S.  Coast  and  Geodetic  Survey  for  1888,  p.  52!). 
tSee  Characteristics  of  Volcanoes,  by  ,1.  D.  Dana,  pp.  318-354. 
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No.  2.  A  compact  dark -gray  rock,  with  occasional  smnll  vesicles  and  showing  phe- 
nocrysts  of  feldspar  and  occasionally  augite  of  such  size  as  to  be  Yisible  to  the 
naked  eye.  In  the  thin  section  abundant  basaltic  angites  in  irregular  granular 
forms,  interspersed  with  lath-shaped  plagioclases,  form  the  chief  characteristics. 
There  is  the  usual  sprinkling  of  granules  of  iron  ore,  and  an  occasional  rather  small, 
rounded  bleb  of  olivine.  The  augites  and  plagioclases  occur  in  crystals  of  two  gen- 
erations. The  amount  of  interstitial  glass  is  proportionally  small.  Specific  gravity, 
3-08. 

No.  5.  A  dark-gray  vesicular  rock,  weathering  brownish,  and  containing  a  com- 
paratively large  amount  of  iron  pyrite.  In  the  section  a  dense  base  of  iron  ores  and 
small  augites  and  plagioclases,  with  an  abundant  sprinkling  of  augite,  olivine,  and 
plagioclase  phenocrysts.    Specific  gravity,  2*9. 

No.  7.  A  finely  vesicular,  almost  pumiceous,  nearly  black  rock,  without  macro- 
scopic constituents.  In  the  section  a  dense  and  very  opaque,  partially  devitrified, 
glassy  base,  carrying  scattering  phenocryst'S  of  plagioclase,  olivine,  and  augite. 

No.  9.  A  finely  vesicular,  nearly  black  rock,  with  only  an  occasional  grain  of  pyrite 
recognizable  by  the  unaided  eye.  Under  the  microscope  like  7,  but  with  only  feld- 
spar phenocrysts.    Specific  gravity,  2*79. 

No.  10.  A  compact,  finely  vesicular,  nearly  black  rock,  without  macroscopic  con- 
stituents. Under  the  microscope  a  dense,  almost  opaque  ground  mass,  crowded  full 
of  granules  of  iron  ore  and  lath-shaped  plagioclases.  Neither  augites  nor  olivines 
seen  in  the  single  section  examined.    Specific  gravity,  2*79. 

No.  12.  A  dark-gray,  nearly  black,  finely  vesicular  rock,  without  macroscopic  con- 
stituents. Under  the  microscope  shows  only  small  feldspar  microlites  in  a  ground 
mass  consisting  of  dark,  smoky,  brown  glass  and  innumerable  black  opaque  gran- 
ules of  iron  ore.  Between  crossed  nicols  are  seen  occasional  brilliantly  polarizing 
particles,  evidently  olivine  and  augite,  but  too  small  and  imperfect  for  absolute 
determination. 

No.  14.  lu  macroscopic  characters  like  the  last,  but  a  trifle  more  vesicular,  and 
with  more  vitreous  luster ;  weathers  brown.  Under  the  microscope  a  yellow-brown 
glass,  thickly  studded  with  clear,  colorless,  sharply  outlined  plagioclases,  olivines, 
and  iron  oxides.    Specific  gravity,  2*73. 

No.  16.  A  compact,  dark  blue-gray  rock,  without  macroscopic  constituents,  and 
showing  in  the  sections  under  a  power  of  180  diameters  a  very  dense  ground  mass  in 
the  form  of  a  microgranular  aggregate  of  minute  grains  of  magnetic  iron  and  nearly 
colorless  silicates,  bearlug  rarely  greatly  elongated  plagioclases.  The  iron  ore  is  so 
prominent  a  constituent  that  pieces  of  0*03  gram  weight  were  taken  up  by  an  ordi- 
nary horseshoe  magnet.    A  rough  analysis  yielded — 


SiO, 

40 '02 

AljOa  and  FcaOs 

32 -So 

CaO 

I0-20 

MgO 

519 

KaO 

0-96 

Na-jO  (by  difference) 

519 

100*36 

Specific  gravity  in  bulk,  2*99;  in  powder,  3*02. 

No.  17.  Dark  gray,  nearly  black,  coarsely  vesicular,  with  a  few  macroscopic 
olivines.  In  the  section  a  black,  smoky  glass,  full  of  iron  ores  and  bearing  abun- 
dant plagioclases  in  all  stages  of  development  and  more  rarely  olivines.  Specific 
gravity,  2'73. 

No.  18.  Compact,  dark  gray,  with  only  an  occasional  smnll  cleavage  face  of  a  feld- 
spar sufficiently  developeil  for  determination  by  the  unaided  eye.  Under  the  micro- 
scope a  normal  basalt,  almost  holocrystalline.    Specific  gravity,  2*83. 
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\o.  19.  A  brown i»li-r(Ml,  vosienlar,  Honiowliat  vitrcons  rork,  showing  under  tbd 
luicroscopo  a  red  and  very  opaqno  glassy  base  with  nunierouH  plagioclases. 

No.  20.  A  brcjwnish  vesicnlar  rook,  showing  nuder  the  microscope  characters  very 
similar  to  the  last. 

No.  23.  A  compact  black  r<»ck,  without  macroscopic  constituents.  In  the  section 
a  brown-black  glass,  injected  with  iron  oxides  and  bearing  numerous  plagioclases 
and  small  colorless  olivines.     Augites  quit«  inconspicuous.     Specific  gravity,  2*8. 

No.  24.  A  close-grained  dark-gray  rock,  showing  to  the  naked  eye  only  minute 
elongated  white  specks  suggestive  of  feldspars.     Under  the  microscope  like  23. 

D.  A  nearly  black,  highly  vesicular  rock,  with  frcijuent  inclosnres  of  pyrite. 
Under  the  microscojie  a  yellow-brown  glass  with  occasional  large  and  small  olivines 
and  more  numerous  felds))ars.     Specific  gravity,  2*88. 

In  connection  with  the  above  the  following  remarks  may  be  of  interest.  It  is  a 
commonly  accepted  princii>le  among  petndogists  that,  the  composition  of  the  magma 
being  the  same,  the  physical  i>ropertios  of  any  eruptive  rock  are  largely  ccmtrolled 
by  the  conditions  of  cooling  and  crystallization,  rapid  cooling  being  conducive  to 
the  production  of  gla438y  or  microcrystallino  forms,  while  a  more  complete  and,  as  a 
rnle,  coarser  crystallization  is  developed  when  the  cooling  is  more  gradual.  As, 
moreover,  the  conditions  which  govern  the  rat^i  of  cooling  of  a  molten  magma  are 
mainly  those  of  pressure  from  superincumbent  matter — material  being  the  same — it 
becomes  at  once  apparent  that  those  portions  of  any  magma  which  are  deeply  buried 
will  be  the  more  highly  crystalline.  The  vesicularity  and  conseijuent  specific  gravity 
(in  bulk)  of  a  lava  is  to  a  certain  extent  controlled  by  similar  conditions,  since  this 
vesicularity  is  due  to  the  expansion  of  moisture  in  the  magma;  hence  the  anumnt  of 
moisture  being  the  same,  the  superficial  portions  will  be  the  more  highly  vesicular. 

Further,  it  has  been  shown,  the  magma  being  the  same,  the  glassy  varieties  of  any 
rock  are  less  dense  than  those  which  are  crystalline.  The  variations  are  usually 
slight,  but,  as  given  in  the  published  descriptions,  are  found  to  be  from  0*1  to  0*3 
greater  iu  the  holocrystalline  than  iu  the  glassy  forms."  At  depths  greater  than 
have  yet  been  rendered  accessible  it  is  possible  to  conceive  of  a  still  further  conden- 
sation, due  to  a  possible  existence  of  the  iron  in  a  metallic  state.  Our  knowledge 
of  the  physical  conditions  of  rock  mii>sses  under  conditions  of  heat  and  i>res8uro  such 
as  must  exist  at  great  depths  is  as  y<»t  too  incomplete  to  afl*ord  data  for  anything  more 
than  speculation. t  From  what  has  been  said  above  regarding  the  effects  of  pressure 
upon  the  physical  conditions  of  a  rock  it  will  appear  that  the  deeper-lying  portions 
may  be  relied  upon  to  show  a  greater  specific  gravity — the  magma  remaining  the 
same — than  do  the  superficial  portions.  It  is  obvious,  therefore,  that  determinatioDS 
on  specific  gravity  on  the  samples  submitted  can  be  regarded  merely  as  suggestive. 
Such  determinations  as  I  have  made  were,  with  one  or  two  exceptions,  as  will  be 
noticed,  done  by  means  of  a  picnometer  fiask,  the  material  being  first  broken  into 
small  bits  and  weighed  after  the  exhaustion  of  the  air  by  means  of  a  pump.  The 
results  may  be  regarded  as  in  all  cases  a  trifle  under  the  true  specific  gravity  of  the 
material,  since  there  is  little  probability  that  all  the  air  included  iu  the  pores 


*  Thus,  an  average  of  23  determinations  of  specific  gravity  of  crystalline  and  semi- 
crystalline  basalt,  as  given  in  Teall's  British  Petrography,  shows  a  mean  of  2*86, 
with  extremes  of  2*75-3'10,  while  9  determinations  on  basalt  glass  gave  a  mean  of 
2-71  with  extremes  of  2-69-2-76.  (British  Petrography,  by  J.  J.  Harris  Teall, 
Loudon,  1888.) 

tThe  presence  of  metallic  iron  in  the  basalt  of  Ovifak  serves  to  illustrate  the 
possibility  of  occurrence  of  this  sort,  although  unfortunately  we  are  not  able  to  say 
definitely  that  this  may  not  be  a  superficial  phenomenon  due  to  a  reduction  of  the 
preexisting  ores  by  carbon  rather  tliau  original  metallic  iron  from  the  earth's 
interior. 
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ati^  veflicles  was  wholly  removed.     Below  are  the  results  obtained  in  the  method 
described : 

Specimen  No.    i.    Specific  gravity  2-82 


No. 

2. 

308 

No. 

4. 

2-90 

No. 

5. 

2-90 

• 

No. 

9- 

279 

No. 

10. 

276 

No. 

II. 

2-84 

No. 

«3- 

2*27  (in 

powder) 

No. 

'3. 

2*12  (in 

bulk) 

No. 

'4. 

273 

No. 

16. 

3-02  (ii. 

j)Owdcr) 

No. 

16. 

2*99  (in 

bulk) 

No. 

17. 

273 

No. 

18. 

2-83 

No. 

23. 

2-8o 

D. 

2-88 

No. 

13- 

2-00  (other  part  of  piece) 

No. 

33- 

170 

The  mean  of  the  preceding  values  is  2*7.  This,  according  to  Profes- 
sor Merrill,  may  be  sliglitly  under  the  true  value.  A  specimen  from 
the  Island  of  Hawaii  not  included  in  the  above  collection  gave  a  value 
of  3-2.  In  Prof.  E.  S.  Dana's  "Contributions  to  the  Petrography  of 
the  Sandwich  Islands,"  in  the  American  Journal  of  Science,  June,  1889, 
the  results  of  a  number  of  determinations  of  specific  gravity  are  given 
from  the  same  island.  Seven  specimens  of  biisalt  gave  values  vjirying 
from  2*82  to  «5'00  (pago  442).  Another  group  of  seven  determinations 
furnished  examples  of  even  heavier  lava,  varying  from  *5'(K)  to  3*20  (page 
447).  If  we  take  the  mean  of  the  above  valuer  we  get  a  specific  gravity 
of  2-90  for  the  specimens  on  the  Island  of  Hawaii.  Mauna  Kea  has  the 
form  of  truncated  cone,  so  that  its  effect  on  the  force  of  gravity  at  its 
summit  would  be  intermediate  between  that  of  a  cone  and  an  infinite 

plain.    As  the  difference  between  the  ratios  of      for  the  two  forms  is 

only  about  one-twelfth  of  the  value  of  either,  a  direct  mean  between 
them  will  in  all  probability  be  a  close  approach  to  the  actual  effect  of 
the  mountain.  The  attraction  of  an  infinite  plain  on  a  point  above  it 
is  entirely  independent  of  the  distance  of  the  point  from  the  plain,  and 
we  have  for  the  plain  effect  the  expression 

2  TT  6  h  or  15-54  S 

The  attractions  of  the  earth  at  the  upper  station  (Waiau)  and  the 
lower  station  (Kawaihae)  are,  respectively, 

10506-8  A  and  10587-0  A 

the  linear  unit  being  1  mile  throughout. 
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The  forces  of  gravity  at  the  two  places  are,  when  corrected  for  dif- 
ference of  latitude, 

O  at  Waiau       =  978-067  dynes 
O  at  Kawaihae  =  978-798      « 

The  foregoing  values  lead  to  the  equation 

20-8  15-54  9 

-0-0007470  =  -  j^^  +  j^^;^^ 

from  which  -^  =  0-541 

If  we  consider  the  mountain  as  a  cone  with  an  altitude  of  2'473  miles 
and  radius  of  base  (a)  of  30  miles,  the  attraction  becomes 

2^8h[l-  7=p*^-l]  =  U-2C  d 

and  the  resulting  value  of  —  is  0'589. 

We  may  therefore  assume  that  the  density  of  the  earth  is  1-77  times 
the  density  of  the  mountain,  or  that  the 

mean  density  of  earth  =  1-77  x  2'90  =  5-13 
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SUMMARY. 
Li$i  of  stations  occupied  in  the  Hawaiian  IslandSf  with  results  ohiainedk 

1883-  1887-1891-2. 


No. 

Station. 

Island. 

I>atc  ol 
IMiti 

occu- 
on. 

Hcifi:ht 
(feet). 

Ijititude. 

Lo&ffitude. 

0        /        // 

n.    fn.     s. 

I 

Nonopapa 

Niihau 

Sept. , 

1892 

2 

Waimea"ir' 

Kauai 

tt 

«( 

3 

Waimea  "A" 

(( 

Feb. 
Mar., 

and 
18S7 

21   57  00-8 

4 

it       <*A" 

it 

1  Sept., 

1892 

5 

Ilanalei 

a 

Mar., 

1887 

22    12   56-5 

6 

Koloa 

(( 

(t 

(( 

21    52    13-2 

7 

IHiuloa 

Oahu 

Jan., 

tt 

21    19    15*6 

8 

Kahuku 

(( 

Feb., 

<( 

21  43  o6-i 

9 

(( 

(( 

Nov., 

1892 

lO 

Honolulu 

(( 

June, 

1883 

12 

II 

(( 

(( 

Apr., 

1887 

21    18  02*5 

12 

(< 

a 

June, 

(( 

10 

m 

»3 

it 

(< 

(( 

1892 

20 

H 

Waikiki 

a 

May, 

1891* 

'5 

(( 

tt 

June 
Dec, 

and 
1891 

10 

21    16   24*3 

• 

i6 

tt 

tt 

Jan. 
June, 

and 
1892 

10 

21    16   247 

10  31  i8-6 

'7 

I^haina 

Maui 

June, 

188^ 

10 

20   52   22*8 

i8 

<( 

(( 

Aug., 

1892 

19 

liaiku 

(( 

June, 

18S7 

385 

20  56  02 -6 

20 

Pakaoao 

(( 

J"iy, 

i( 

9846 

20  42   5 10 

21 

Kaupo 

tt 

.I"iy 

Aug., 

and 

1887 

20  36  40*8 

• 

22 

Hana 

tt 

J"iy, 

(< 

20  45    38  9 

23 

Kailua 

Hawaii 

June, 

(( 

19   38   20'9 

24 

Napoopoo 

(( 

Aug., 

1892 

25 

Kawaihae 

It 

J"iy, 

(( 

8 

20  02  05-9 

26 

Kohala 

it 

Apr., 

18S7 

20  15  293 

27 

Ka  T^ie 

it 

May, 

it 

»8  53  517 

28 

Waimea 

tt 

July. 

1892 

2772 

29 

**      (west  base) 

tt 

tt 

(( 

30 

Waiau 

tt 

tt 

i( 

13060 

19  48  52-0 

31 

Kalaieha 

tt 

tt 

tt 

6660 

19   42   02'6 

32 

Ililo 

tt 

Apr. 
May, 

and 
1887 

19  43  II-2 

33 

<< 

<« 

July 

and 

Aug., 

1892 

♦  Transit  of  Mercury. 
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SUMMABY. 

List  of  aiationt 

i  occup^ieil  in  the 
Magnetic  elements 

Hawaiian  IslandSy  uHth  reeuit^  obtain  til. 

No. 

Force  of 

gravity. 

1      1 

2 

3 

4 
5 

Declination  (east) . 

Dip. 

Hot.  inten. 

0-2928 
0-2931 
02882 

Relative. 

Absolute. 

0           / 

10     Of  '4 

9     463 
10     03-5 

0           / 

40     385 
40      227 

40      20 '2 

Dynes. 

6 

7 
8 

9 

lO 

II 

12 

«3 

14* 

15 

10      147 

10      16-3 
10     05*2 

41       257 
40      42-2 

39    55  5 

02938 

0-2951 
0-2981 

0-998  836 

0*998  852 
0998  808 

0*998  776 

978-959 

978-975 
978-932 

978-900 

16 

0-998  792 

978-916 

17 
18 

"9 
20 

21 

9     08-9 

39     208 

0-2989 

0-998  724 

0-998  790 
0-998  142 

978850 

978-914 
978-279 

22 

23 

24 

25 
26 

9     081 
9     20 -6 

37     35-8 

38      1 1 -2 

0-3024 
0-3012 

0-998  672 

978-799 

27 
28 
29 

30 
3" 
32 

9    03-6 

8  500 
10     22*7 

9  526 

38      280 
38      410 

38    343 
38    47-8 

0-2982 
02996 
0-2950 
02954 

0-997  913 
0998  352 

978-055 
978-485 

35 

8    224 

39     233 

0-3062 

♦  Time  of  transit  =  4''  43"  57',  second  and  third  contacts. 
The  relative  forces  of  gravity  refer  to  the  value  at  the  Smithsonian  In.<ititution  in  Wash- 
ington.    In  the  al)i^olutc  column  this  is  assumed  to  be  9S0- 100  dynes,  and  the  given  values 
are  the  best  ones  attainable  from  the  three  expeditions. 
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SUPPLEMENTARY  NOTE  TO  THE  FORECJOING  REPORT. 

Since  the  foregoiii*;^  report  was  written,  Professor  Alexander  bas  maile 
a  comparison  of  the  astronomical  and  /;;eodetic  latitudes  on  the  three 
principal  ishiuds  of  the  gnjup.  In  addition  to  this,  since  the  observed 
latitndeH  at  Kawaihae,  Jlilo, ,and  Waiau  (Manna  Kea)  are  consistent 
with  one  another,  the  latter  has  been  adopted  as  a  standard,  and  a  com- 
parison hiis  been  made  between  the  observed  latitudes  and  the  Mauna 
Kea  standard.  This  brings  out  some  interesting  deflectious  of  the 
phimb  line. 

There  appeiirs  to  be  a  disturbance  of  more  than  a  minute  iu  the 
direction  of  gravity  at  the  south  point  of  Ilawaii  (Ka  Lae).  At  Kohala 
the  plumb  line  is  deflected  half  a  minute  toward  the  south,  and  at  Ka- 
hiieha  nearly  }is  much  toward  the  north,  the  disturbance  being  iu  both 
cases  toward  the  mountain.  The  enormous  deflection  at  Ka  Lae  (07") 
is  also  to  the  northward.  This  is  evidently  caused  by  the  great  mass  of 
Mauna  Loa,*  which  adds  its  effect  to  that  of  Mauna  Kea,  and,  moreover, 
is  cx>mparatively  near  to  the  astronomical  station. 

On  Maui  the  same  ])henomenon  appears.  At  Haiku  there  is  a  deflec- 
tion toward  the  south,  and  at  Kaupo  there  is  one  to  the  north,  and,  as 
before,  the  astronomical  latitude  determined  on  the  top  of  llaleakala 
(10  000  feet  elevation),  at  Pakiioao,  appears  to  be  a  normal  one  for  that 
island.  Judging  by  analogy,  there  seems  to  be  no  reasonable  doubt 
that  Oahu  would  have  shown  the  same  thing  had  a  station  been  made 
on  the  summit  between  Kahuka  and  Tuuloa. 

The  mean  deflection  for  each  of  the  islands  (leaving  out  Ka  Lae,  ou 

the  Island  of  Ilawaii)  is: 

// 


ilawaii 

27 

Maui 

29 

Oahu 

26 

When  we  come  to  c<)mi)are  the  mean  latitudes  for  each  island  with 
one  another,  we  find  that  Maui  is  too  small,  whether  judged  by  the  Ha- 
waii or  the  Oahu  standard.  The  amount  is  neiirly  the  same  in  either 
case,  so  that  the  most  probable  assumption  is  that  there  is  a  prepon- 
derance of  matter  deflecting  the  ])lumb  line  to  the  northward  at  all  the 
Maui  stations.  This  su]>p()sition  has  been  made  by  Professor  Alex- 
ander, and  seems  to  be  the  most  rational  interpretation  of  the  results. 
The  following  table  has  been  furnished  by  him,  and  is  inserted  here 
with  his  permission  : 


ButU  Mauna  Kea  and  Mauna  Loa  are  nearly  14  000  feet  high. 
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Hawaiian  latitudef  compared. 
[See  illustration  No.  2».) 


Suaon. 

Aslronomicml. 

Geodetic. 

Diflf. 

Mauna  Kea 
standard. 

Diff. 

Oahu, 

0 

/ 

// 

0 

/ 

• 

// 

0 

/ 

// 

// 

Kahuku 

21 

43 

o6-i 

21 

42 

i6'i 

4-500 

21 

42 

43-2 

4-22*9 

Puuloa 

21 

19 

15-6 

21 

19 

II-8 

+  3-8 

21 

19 

389 

—23-3 

Honoluln 

21 

i8 

02  5 

21 

18 

02  3 

4-  02 

21 

18 

29 '6 

—  27-1 

Waikiki 

21 

i6 

245 

21 

16 

268 

—  2-3 

21 

16 

53*9 

—29-4 

Maui, 

• 

Lahaina 

20 

52 

22-8 

20 

52 

53-2 

— 304 

20 

52 

34-5 

-117 

Haiku 

20 

56 

02 -6 

20 

56 

04*0 

—  1*4 

20 

55 

45-3 

4-17-3 

Pakaoao 

20 

42 

51-0 

20 

43 

21*6 

—30-6 

20 

43 

02-9 

— 11*9 

Kaupo 

20 

36 

408 

20 

37 

41-0 

— 602 

20 

37 

22*3 

-415 

liana 

20 

45 

389 

20 

45 

47  5 

8-6 

20 

45 

288 

4  lOI 

Hawaii, 

Kohala 

20 

15 

293 

20 

'5 

177 

-I-II-6 

20 

14 

590 

4-30-3 

Kawaihae 

20 

02 

05  9 

20 

02 

25  I 

—  19-2 

20 

02 

06-4 

—  o*5 

Mauna  Kea 

19 

48 

520. 

19 

49 

107 

-187 

19' 

•48 

520 

J-   O'O 

Kalaieha 

19 

42 

02 '6 

19 

42 

zys 

—30-9 

«9 

42 

14-8 

—  12-2 

Hilo 

19 

43 

11*2 

19 

43 

304 

—19-2 

19 

43 

117 

—  o-s 

Kailua 

19 

38 

20*9 

«9 

39 

038 

—42-9 

19 

38 

45  I 

—  24-2 

Ka  Ue 

i8 

53 

517 

18 

55 

177 

860 

18 

54 

500 

—67-3 

Positions  for  Lahaina : 
By  observation 
**  Oahu  mean  latitude 
**  Mauna  Kea  standard 


o     /     // 

20  52  22*8 

323 
34-5 


\ 


4 


\ 


